This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


THE 

•TANPORO  PRCSS 

BINOCRY 


The  Branner  Geological  Library 


IJEILAffll-SIMFOHDiJVMOR'^^OTraRSinnr 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


Digitized  by 


Google 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


/  (^    iV^ll^^TUy^ 


/ 


THE 


aUARTERLY   JOURNAL 


i 


GEOLOGICAL  SOCIETY   OF   LONDON. 


THE  A8SISTANT-SECRETAEY  OF  THE  GEOLOGICAL  SOCIETY. 


Qnod  n  eui  mortalium  cordi  et  cur»  ait  non  tantom  inreati*  hnrere,  atque  iis  uti,  aed  ad  ulteriora 
penetntfe ;  atqne  non  disputando  adverMriam,  sed  opera  natoram  Tineera ;  denique  non  belle  et  probabiliter 
opinari,  aed  certo  et  oatentive  scira ;  tales,  taaquam  Ten  •cieatiarum  filii,  nobie  (ti  Tidebitur)  ae  a4iungaot. 
~~N9Vum  Orgamm,  Pntfatio. 


VOLUME  THE  FIFTY-FOURTH. 

1898. 


LONDON: 
LONGMANS,  GREEN,  AND  CO. 

PABI8:  FBIBD.  KLINCKSIECK,  11  RUE  DE  LILLE;   F.  SAW,  77  BOULEVARD  ST.  GERMAIN 

LEIPZIG  I  T.  O.  WEIGEL. 

SOLD  ALSO  AT  THE  APARTMENTS  OF  THE  SOCIETY. 

UDCOCXOTIII. 


Digitized  by  VjOOQ IC 


itst 

o»  nn 

OFFICERS 

Of  THl 

GEOLOGICAL  SOCIETY  OF  LONDON 


Elected  FebruArj  18th,  1898. 


W.  Whitaker,  Esq.,  BX,  F.B.8. 

Prof.  T.  G.  Bonney.  D.So..  LL.D.,  P.E.S.  I  J.  J.  H.  TeaU,  Eiq.,  M.A.,  F.B.a 
Prof.  J.  W.  Judd,  C^.,  LL.D.,  F.B.8.     |  Bot.  H.  H.  Winwood,  M.A. 

R  8.  Hemes,  Esq.,  MJL  |  Prof.  W.  W.  WatU,  ILA. 

dToretgn  decrrurp* 

Sir  John  Eyant,  E.O.B.,  D.O.L.,  F.R8.,  F.L.8. 

c^j^  .  r\cycy  Crearfurm 

2x1" OO      W.  T.  BUnford,  LL.D.,  F.E.8. 

W.  T.  Blanford,  LL.D..  P.B.8.  I  J.  E.  Marr,  Esq..  M.A.,  F.R.8. 

Prof.  T.  G.  Bonney,  D.Sc.,  LL.D.,  RR.8.  i  Prof.  H.  A.  Miers,  M.A.,  P.B.a 

Prof.  W.  Boyd  Dawkins,  M.A.,  F.R.S.  ~       

Sir  John  Erane,  K.C3.,  D.O.L.,  F.B.a, 
F.L.S. 

F.  W.  Harmer,  Esq. 
B.S.  Herriee,Esq.,  M.A. 
Henry  Hicks,  M.D.,  F.B.8. 
Re?,  fedwin  Hill.  M.A. 

G.  J.  Hinde,  Ph.D.,  B.K.8.  ,  , ^., .  _  . 

W.H.Hudte«tOft,^4M.A«,1f.5:d.,l!^I*.fej  l^V  Jt-H.-Winvood,  M.A. 
•PtofT  ^.  Vc  i^  O.B..  Lt  J).,  ^B.3-'      \  -i.  S..*WeodwaJ^.  Esq.,  F.L.a 


H.  W.  Monckton,  Esq^,  F.L.a 

E.  T.  Newton,  Esq.,  F.B.a 

Prof.  H.  G.  Seelev.  F.R.8. 

Prof.  W.  J.  Sollas,  M.  A.,D.Sc.,LL.D..F.R.8. 

A.  Strahan,  Esq.,  M.A. 

J.  J.  H.  TeaU,  Esq.,  M.A,  F.R.a 

Prof.  W.  W.  WQtts,  M.A. 

W..WWitakff,*Egq.,  B.A.,  F.RS. 


^MiAtmU^ttxtiaxvt,  Clerit,  ftibrarian,  anH  Curator. 

L.  L.  Beliniante,  M.So. 

^iixAXdkXiii  tn  Office,  ftOnrarp,  antr  f&\xit\xm 

W.  Rupert  Jones.  |         Clyde  H.  Black. 


Digitized  by  VjOOQ IC 


TABLE  OF  CONTENTS. 


Page 

AcLAND,  II.  D.,  Esq.  On  a  Volcanic  Series  in  the  Malvem  Hills, 
near  the  Heref omshire  Beacon 556 

Arnold-Brkbosr,  H.  H.,  Esq.  On  a  Quartz-rock  in  the  Carboni- 
ferous Limestone  of  Derbyshire.     (Plates  XI  &  XII.) 160 

Barrow,  6.,  Esq.  On  the  Occurrence  of  Chloritoid  in  Kincardine- 
shire    149 

Bather,  F.  A.,  Esq.  P^to/bcrinu*,  Weller  &  Davidson.  (Plates  XXV 
&XXVL)    401 

Blaks,  Rev.  J.  F.    The  Laccolites  of  Cutch  and  their  Relations  to 

the  other  Igneous  Masses  of  the  District.     {Abstract,) 12 

BoNNBY,  Prof.  T.  Q.  The  Garnet- Actinolite  Schists  on  the  Southern 
Side  of  the  St.  Gothard  Pass 357 

BucEHAN,  S.  S.,  Esq.  On  the  Groupinf?  of  some  Divisions  of  so- 
called  *  Jurassic^  Time.    (Tables  I  &  II.)   442 

Callaway,  Dr.  C.  On  the  Metamorphism  of  a  Series  of  Grits  and 
Shales  in  Northern  Anglesey 374 

Carter,  the  late  J.  A  Contribution  to  the  Palaeontology  of  the 
Decapod  Crustacea  of  England.    (Plates  I  &  II.)  15 

Chapman,  F.,  Esq.  On  the  Foraminifera  frum  Bissex  Hill  and 
Bownmnston    550 

CoDRiNOTON,  T.,  Esq.  On  some  Submerged  Rock-valleys  in  South 
Wales,  Devon,  and  Cornwall 251 

CuNNiNOTON,  W.,  Esq.  On  some  Palaeolithic  Implements  from  the 
Plateau-Gravels,  and  their  Evidence  concerning  *  Eolithic*  Man.  291 

Dawson,  C,  Esq.    On  the  Discovery  of  Natural  Gas  in  East  Sussex.  564 

Donald,  Miss  J.  Observations  on  the  Genus  Aclisitmy  De  Koninck, 
with  Descriptions  of  Brity'h  Species  and  of  some  other  Car- 
boniferous Ciasteropoda.    (Plates  lU-V.)   45 

a2 


Digitized  by 


Google 


IV  TA.BLE  OF  CONTEirTS. 

Ellks,  Miss  G.  L.    The  Graptolite-Fauna  of  the  Skiddaw  Slates. 

(Plate  XXVn.) 463 

Fox-Stbangways,  C,  Esq.  Sections  alonpf  th«^  Lancashire,  Derhy- 
shire,  and  East  Coast  Railway,  hetween  Lincoln  and  Chester- 
field.   (Plate  X.)     167 

Franks,  G.  F.,  Esq.,  &  Prof.  J.  B.  Habbison.     The  Globifferma- 

Marls  and  Basal  Reef-rocks  of  Barbados 540 

Gabdtneb,  C.  L,  Esq.,  &  S.  H.  Reynolds,  Esq.  The  Bala  Beds 
and  Associated  Igneous  Rocks  of  Lambay  Island,  Co.  Dublin. 
(Plate  IX.) 135 

Gabdixeb,  J.  Stanley,  Esq.    The  Geology  of  Rotuma 1 

Gab  WOOD,  E.  J.,  Esq.,  &  Dr.  J.  W.  GBEaoBY.  Contributions  to 
the  Glacial  Geology  of  Spitsbergen.    (Plates  XIII -XIX.) 197 

Gbeooby,  Dr.  J.  W.,  &  E.  J.  Gabwood,  E-iq.  Contributions  to 
the  Glacial  Geology  of  Spitsbergen.     (Plates  XIII-XIX.)  ....  197 

Gberley,  W.  S.,  E-^q.  Some  New  Carboniferous  Plants,  and  how 
they  contributed  to  the  Formation  of  Coal-seams.     (Abstract.)    196 

.    Cone-in-Cone :  Additional  Facts  from  Various  Countries. 
(Abstract)    196 

Habmeb,  F.  W.,  Esq.  The  Pliocene  Deposits  of  the  East  of 
England :  The  Lenham  Beds  and  the  Coralline  Crag    308 

Habbison,  Prof.  J.  B.,  &  G.  F.  Fbanks,  Esq.    The  GlobtgeritM- 

Marls  and  Basal  Reef-rocks  of  Barbados 540 

Hatch,  Dr.  F.  H.  A  Geological  Survey  of  the  Witwatersrand  and 
other  Districts  in  the  Southern  Transvaal.     (Plate  VI.) 73 

Hewitt,  Dr.  J.  T.    Note  on  Natural  Gas  at  Heathfield  Station 

(Sussex) 572 

Jennings,  A.  V.,  Esq.    The  Structure  of  the  Davos  Valley    ......  279 

Jukes-Bbowne,  a.  J.,  Esq.  On  an  Outlier  of  Cenomanian  and 
Turonian  [equivalent  to  Lower  and  Middle  Chalk]  near  Honiton, 
with  a  Note  on  HoJaster  aUus,  Ag.     (Plate  XXIV.)    239 

Kcettlitz,  Dr.  R.  Observations  on  the  Geology  of  Franz  Josef 
Land 620 

Madan,  H.  G.,  Esq.  Note  on  an  Ebbing  and  Flowing  Well  at 
Newton  Nottage  (Glamorganshire)  301 

MoNCKTON,  H.  W.,  Esq.    On  some  Gravels  of  the  Bagshot  District  184 

MoBTON,  G.  H.,  Esq.  The  Carboniferous  Limestone  of  the  Country 
around  Llandudno  (North  Wales)    382 


Digitized  by 


Google 


TABLE  OF  CONTENTS.  V 

Newton,  E.  T.,  Esq.,  &  J.  J.  H.  Teall,  Esq.    Additional  Notes  on 

Rocks  and  Fossils  from  Franz  Josef  Land.     (Plate  XXIX.)     ..  646 

Pabkinson,  J.,  Esq.  On  the  Pyromerides  of  Boulay  Bay  (Jersey). 
(Plate  Vlf.)T: 101 

Poixen,  Rev.  G.  C.  H.     Exploration  of  Ty  Newydd  Caves,  Tre- 

meirchion,  North  Wales.     (Plate  VLLI.) 119 

Ream,  T.  M.,  Esq.     Post-Glacial  Beds  exposed  in  the  Cutting  of 

the  New  Brugos  Canal  575 

.    High-level  Marine  Drift  at  Colwyn  Bay.     (Abstract)    . .  682 

Reid,  C,  Esq.    The  Eocene  Deposits  of  Devon    234 

Reynolds,  S.  H.,  Esq.,  &  C.  1.  Gakdineb,  Esq.  The  Bala  Beds 
and  Associated  Igneous  Rocks  of  Laimbay  Island,  Co.  Dublin. 
(Plate  IX.)   135 

Sam,  T.  R  F.,  Esq.    On  the  Origin  of  the  Auriferous  Conglomerates 

of  the  Gold  Coast  Colony,  West  Africa.     {^Abstract.)    290 

Shbubsolb,  0.  A.;  Esq.    On  some  High-level  Gravels  in  Berkshire 

and  Oxfordshire.     (Plate  XXVUI.) 585 

Teall,  J.  J.  H.,  Esq.    A  Phosphatized  Trachyte  from  Clipperton 

Atoll,  Northern  Pacific.     (Plate  XXlll.)   230 

,  &  E.  T.  Newton,  Esq.    Additional  Notes  on  Rocks  and 

Fossils  from  Franz  Josef  Land.     (Pkte  XXIX.) 646 

Wbdd,  0.  B.,  Esq.    On  the  Corallian  Rocks  of  Upware  (Cambs)  . .  601 

Whabton,  Adm.  Sir  W.  J.    Note  on  Clipperton  Atoll,  Northern 

Pacific.     (Plates  XX-XXIL;    22S 

Woods,  H.,  Esq.    Notes  on  the  [Kotuman]  Rocks  collected  by 

Mr.  Stanley  Gardiner 10 

WooLACOTT,  D.,  Esq.    An  Explanation  of  the  Claxheugh  Section, 

Co.  Durham.     {Abstract.) 14 


PROCEEDINGS. 

Proceedings  of  the  Meetings     i,  ciii 

Annual  Report ix 

List  of  Donors  to  the  Library   xiii 

Last  of  Foreign  Members    xxv 

List  of  Foreign  Correspondents     xxvi 


Digitized  by 


Google 


VI  TABLE  OF  005TEirT8. 

Page 

List  of  Wollaston  Medallists xxvii 

List  of  Murchison  Medallists xxix 

List  of  Lyell  Medallists xxx 

List  of  Bigsby  Medallists xxxi 

Applications  of  the  Barlow-Jameson  Fund xxxi 

Financial  Report     xxxii 

Award  of  the  Medals,  etc. xxxix 

Anniversary  Address li 


Bauerman,  H.,  Esq.    On  the  Vlllth  Litemational  Geological 

Congress  iii 

Blakr,  Rev.  J.  F.    A  Revindication  of  the  Llanberis  Unconfor- 
mity.    {Title  only.)    v 

Hicks,  Dr.  H.    On  Pleistocene  Deposits  in  North-western  Mid- 
dlesex      ii 

.     Announcement  of  Dr.  C  Barrois's  visit viii 

Jones,  Prof.  T.  R.    On  Implements  from  Swaziland  and  Somali- 
land  cv 

JcDD,  Prof.  J.  W.    On  Outline  Geological  Maps  of  England  and 

Wales    vi 

.    On  Coral-Reef  Boring  at  Funafuti ciii 

Nkwton,  E.  T.,  Esq.    On  Rhinoceros  antiquitatis  &  other  Remains 

from  Carshalton  li 

Sbeley,  Prof.  II.  G.    On  an  Opalized  Plesiosaurian  Humerus 

from  New  South  Wales cvi 

Watts,  Prof.  W.  W.    On  a  Pleistocene  Deposit  at  Carshalton  . .  ii 

Whitaker,  W.,  Esq.    On  a  Pleistocene  Deposit  at  Carshalton . .  ii 

Woodward,  H.  B.,  Esq.    On  Fossil  Mud-films  in  a  Quartzite 

from  Criccieth  (Caernarvon) iii 


Digitized  by 


Google 


LIST  OF  THE  FOSSILS  DESCRIBED  AND  FIGURED 
IN  THIS  VOLUME. 


Name  of  Species. 


Formadoiu 


Locality. 


Page 


Plakta. 


Ginkgo polarUnj.  PI. xxix,  fig. 3.|    Oxfordian   || 


Frans  Joeef 
Land    


649 


Azy§ograptu$  caUbs 

Lapworthi     

nuecicus.    Text-fig.  29 

Brvoffrapius  cf.    CdUavei. 

Kjeruffi.    Text-fie.  1  .. 

ramosus  rar.  outfutrenmt 

Text-figs.  3  &4     

CUmacograptus  Scharmbergi 

donograptusjlexilis 

d.UneUus     


Graptolitoidea. 


r  Upper  Skiddaw 

t     Slates  

1  Middle  Skiddaw 
/     SUtes  


Text- 


"P 

Cryptograptus    (IJ     antmnarius. 
Text.fig.31    

ffopkinsoni  


IHeeUogmptus  Tnoffaiensia    

Dichograptm  octobrachiatui    

aeparatus,  sp.  dot.    Text-fig. 

10   


DidymograpUu  affinis 
bifiduB   


•exteumi 


I  Lower   Skiddaw 

r     Slates 


/Upper  Skiddaw 
\     Slates  

Skiddaw  Slates 
r  Lower  Skiddaw 

\     Slates  

/  Middle  Skiddaw 

{     Slates  

1  Upper  Skiddaw 

f      Slates  

'  Middle  &.  Upper 
Sk.  SL 

Upper  Skiddaw 
Slates  


Middle  Skiddaw 
Slates  


Skiddaw  Slates 
r  Upper  Skiddaw 

r  Middle  Skiddaw 
{     Slates  


JKUergill 

( Portinscale .., 
\  Keswick  District 


^Barf 


I  Thomahip  Beck. 

(?) 
Ifiarf    


Keswick  district 


Keswi^  k  Shap 
districts  ... 


Ellergill 

Keswick  district 


514 

513 
514 

470 
469 

.471 
519 
473 
474 

474 

519 

520 
516 
483 

1,484 

503 

511 

504 


Digitized  by 


Google 


VIU 


FOSSILS  DESCRIBED  AJTD  FI6UBBD. 


Name  of  Species. 


FoiTDfttion.  Locality.  Page 


Graptolitoidba  (cotUifmed), 


Didymograptm  faKtcuUUus,  Text- 
fig.  24    

ffibberulus.    Text-figs.  17  &  18 

gracilis 

indetUus 

Tar.  fianu« 

Nicholsoni.    Text-fig.  21     . 

nitidus.    Text-figs.  19  &  20 

pattUus,     TexUfigs.  22  &  23 

V'fractus,    Text-figs.  25-28 . 

Tar.  volucer 

Diplograpttts  appendiculaius.  Text- 
fig.  30     

dent€Uu8    

ot  teretiuscidu8    

Glossograptus  armatus.  Text- 
fig.  33 

fimbriaiua.      Text-fig.  32   ... 

of.  Hinckm  

Leptograptus  BT^ 

Loganograptus  Logani 

Fhyllograptus  angustifolius 

. Anna,    Text-fig.  16     

Uicifolius  

Tar.  grandis  dot.  Text- 
fig.  15     

Plmrograptus  vagans.    Text-fig.  8. 

Pterograptus  ffj  sp.   Text-fig.  9  . . . 

Schigograptus  reticukUus 

•—  taraifurcatus,  sp.  dot.  Text- 
fig.  7   

Temnograptus  multiplex.  Text- 
fig.  6   

Tetragraptus  Bigtbyi    

cr  ucifer.    Text-fig.  12     ... 

Headi,    Text-fig.  11    

pendens,  sp.  nov.   Text-fie.  1 3 

PostletktDaitii,  sp.  noy.    Text- 

fig.  14 

gvadribrachiatus  , 

serra  

Thamnograptus  Doveri , 

TVichograptus  fragilis  , 

Trigonograptus  ms^formis.  Text- 
fig.  34 

lanceolatus 

Trochograptus  diffutus,    Fl.  xxTii 


er  Skiddaw 

"Slates  

Middle  Skiddaw 

Slates  

Upper  k  Middle 
'     Skiddaw  Slatet 


Middle  Skiddaw 
Slates  


(?) 

Upper  Skiddaw 
'     Slates  


Upper  Skiddaw 
^     SUtes  


Uppermost 
Skiddaw  Slates 


Middle  Skiddaw 
Slates  


Skiddaw  Slates 
r  Upper  Skiddaw 
L     Slates  (?)... 


I  Skiddaw  Slates 


Middle  Skiddaw 
Slates  


I  Skiddaw  Slates . 

\  Middle  Skiddaw 

j     Slates  

Skiddaw  Slates  . 

Upper  Skiddaw 
Slates  


r  Middle  Skiddaw 
\     Slates  


Ulleswater,  etc, 

-Keswick  district 

Keswick  &  Shap 
districts  ... 

Keswick  district 

Keswick  &  Ulles- 
water districts 

Keswick  district 


.  Outenide 


'Shap,  Ulles- 
water, etc. 
Keswick  district 

Thornship  Beck 

Keswick  A  Cross 

Fell  districts . 

^ThomKhip  Beck 

'  Ulleswat<»r   & 

Bassenthwaite 


Keswick  district 

Keswick  district 
llikBeck     ... 

(Keswick  district 
Oarlside  Edge 

Peelwyke 


Keswick  district 

Barf    

Keswick  district 
i^Barf    


^Keswick  district 

Randal  Grag  ... 
I  Shap  district  ... 

Mosedale  Beck  . 

[EllergUl 

V  Keswick  district 


607 

496 
606 
610 
511 

602 
499 

604 

608 

[610 

[618 

617 
618 

522 

521 
522 

616 
1^476 
496 
494 
493 

493 
"481 

482 

480 

480 

477 

488 

488 
486 
491 

[492 

1486 

[490 

624 

476 

623 

624 

479 


Digitized  by 


Google 


FOSSILS  DBSCBIBED  AKD  FIGURED. 


Name  of  Spedee. 


Formation. 


Locality.  Page 


Ihlader  altm,    PI.  zxiT 


ECHINOIDKA. 


•|{^trcti£rl}^""^«^" 


246 


Otatbocrihoidba. 


I  Upper  Si 


Silurian 


~i 


expanaus,  sp.  nor.     PI.   xxt, 

fi^  33-36  &  teit-figs.  13,  14 .... 
inferior,  sp.   nor.     PI.  xxTi, 

fig.  57  Atext-fig.  10  

Umgtui,  sp.   noT.      PL  xxvi, 

figs.  58-65  k  text-figs.  11,  12  ... 
mirabilis.    PI.  xxri,  figs.  37- 

56   

vushycensis^  sp.  nor.     PI.  xxv, 

figa.  1-25  &  text-fig.  8  

(senior).    PL  xxt,  figs. 

12-15  &  text-fig.  9    


Niagara  Lime- 
stone     


-  Lower  Silurian . 


Wisby. 


Iowa    

Indiana  

Iowa    

Wisby 

Westergam 


1425 

[434 
426 

431 

427 

421 

424 


Gd*ia  clypeaius,  sp.  nov.     PL  i,  1 
%  2  / 

Kepkrops  Reedi,  sp.   nor.    PL  i, 
fig.  1    


Macru&a. 
Great  Oolite 


[London  Clay  ... 


Northampton . 
Boyton    


16 
16 


Brachtuea. 


Aet^opsis  Wiltskirei,  sp.  noT. 

fig- 3    

Campylostoma  matuHforme  . 

Cyclocort/stes  pulchellus 

(^phonotus  incertus  

Diaulax  Ckarttriana  


PL  ii, 


Oweni 


sp. 


Ihomilites  Bucklandi,. 
Lamarcku 

Ettfw  Martini    

Eucorystez  Broderipii 

Carteri  


Gattrosacus  Wetzleri.  PI.  i,  fig.  3. 
Goniochele  anguiata.  PL  i,  fig.  6  . 
Goniocypoda  sulcata,  sp.  noT.    PL 

ii,fig.  10 

Homolopng  depressa,  sp.  noT.     PL 

i,fig.6 

Edwardgiu    PL  i,  fig.  4  


}  Lower  Green- 
sand 

I  London  Clay  ... 

Ohloritic  MarL  . 
f  Cambridge 
1      Greensand  ... 

Chalk  

/Middle  Headon 

1     Beds    

tRed   Crag 
J      (deriv.)    ... 

{Cambridge 
Greenland 
Gault  

{Cambridge 
Greensand 
Coral  Bag  ... 
Loudon  Clay 
1  Lower      Green- 

J      sand 

I  Gault  &  Cam- 
l  bridge  Green- 
J      sand 


Atherfield 
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30 
26 
20 
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20 

20 

18 
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25 
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Brachtura  {continued). 


Mithracia  libiniaides.    PL  ii,  fig.  8. 
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triearinatus  

Woodwardii.    PI.  ii,  fig.  1  ... 

Neptunus  vectensis,  sp.  noT.    PI.  ii, 

fig.  2 :. 
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Stokmi.    PI.  i,  fig.  8  
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fig.  6    
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Pl.i.fig.7 

Rhachiosoma  bispinomm 

Trachynotus  sulcatus 

Xanthilites  Bowerbankii   

Xanthopsis  bispinosa 

Leachii  

Xanthosia  gibhosa  

pranulosa.    Pi.  ii,  fig.  5  

similis.    PLii,  fig.  9 


London  Glaj  ... 

{Cambridge 
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I  Lower     Green- 

\     sand 

(  Cambridge 
[     Greensand  ... 
Do.  &  Gault    ... 
( Cambridge 
[     Greensand  ... 

I  Hamstead  Beds. 

r  Upper     Green- 

1      sand  &  Gault 

Chalk  

(Cambridge 
Greensand  ... 

I  London  Clay  ... 

I  Upper     Green- 
ly    sand 

'Greensand'  .. 

London  Clay  .. 
1  Upp»  r  Green 
J      sand 

London  Clay  .. 
r  Upper  Green- 
\     sand 

London  Clay 

(?) 
London  Clay 

(?) 
I  Cambridge 
J      Greensand 


Sheppey 

}       (?) 

JAtherBeld   .. 

}  (?) 

(?) 
}  (?) 

Hamstead   .. 

[Various   

Dover 

}  (?) 

Sheppey  (?).. 

I  Warminster 
Lyme  Regis 

(?) 

\  Warminster 
Portsmouth 
jwiltohire    .. 
(?) 

Vanous   

(?) 
j  (?) 


31 
31 

32 

27 
28 
29 

33 

29 
24 
24 

40 

21 

42 
34 

24 

85 

33 

41 
40 
40 
37 
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^wctt/fl,8p.    PLxxix,fig.l llTn«««ii^m         I /Franz  Josef       I    660 

InoceramuaOj,    PL  xxix,  fig.4  ...|  r"™*"^^^) Il      Land    |    650 
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Aclisina  actculatat  sp.  nov.    PL  iv,  A 

figs.  4-6 ' 

attenuatat  sp.  no?.      PL  iv, 

fig8.2&3    

costulata.    PI.  iii,  figs.  12-14, 

var.  dubia  nov.      PI.  iii, 

fig.  15 

elegantuln,  sp.  nov.      PI.  iv, 

figs.  13-13C    

elongata.    PL  iii,  fig.  6    

var.  cingulata  nov,     PL 

iiL  figs.  7,  8  &  10   

vaf .  varians  nov.     PL 

iii,  fig.  9 J 


Carboniferous 
Limestone. 


S.  Scotland.. 

Glencart 

S.  Scotland.. 
Craigenglen 

I-AW,  Dairy .. 

Penton 

Various   


I 


(?) 


59 

58 
56 
57 
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54 
55 

55 
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Aclisina  ffrantonentia,  sp.  noy.  Fl 
W.  figs.  7-9 

parvula,  Bp.  nov.    PL  iv,  figs. 

l-2c 


pdygyra.    PI.  iii,  fig.  1 1  ... 

pulchra  yar.  intermedia  dot. 

PI.  iii,  fig.  5    

Tar.  tenuis.    PI.  iii,  figs. 

1-4  

pumlla,  sp.  noT.    PL  ir,  figs. 

14&16   

—  quadrata,  sp.  nov.    PL  ir,  fig, 

11 

var.  striatissima   noy. 

PLiv.  figs.  12-12  6    

simiU»,  sp.  noy.    PL  iii,  fig.  16 

APLiy.fig.  1    

tuicatula,    PLy,  fig.  3    ... 

tenuistriaia,  sp.  nov.     PL  iy, 

fig.  10 

Urebra,  «p.  noy.     PL  iy.  figs. 

16  A  16a 

Micrentoma  nana,  gen.  noy.    PL  y, 

flg8.l2&l»    

Murchisonia  [Aclisoides]  striatula. 

PLy,  figs.  6-8    

[ ] yar.  Armstrong- 

iana  noy.    PL  y,  figs.  9  &  10  ... 

dairyensis,    PL  y.  fig.  11 

Bhabdospira  compacta,  subgen.  &. 

sp.  noy.    PL  t,  figs.  5  &  5  a.. 

SelkirJini,  sp.  noy.    PL  y.  fig.  4 


1  Galciferous 
J      Sandstone 

J  Lower  Garb. 
Limest    ... 


Oarboniferous... 

Carboniferous 
Limestone. 

Lower  Oarboni- 
ferous Lime- 
stone    , 


I  Lower  Carbonl 
I     ferous  

I  Lower  Garb. 
J     LimesU    

I  Carboniferous 
r     Limestone  .. 


L  Yoredale  Bocks 

[  Lower  Carb. 
I      Limest.    


Woodhttll 


S.  Scotland ... 

CuUion,       Dra- 
pers town 

Law,  Dairy ... 
S.  Scotland ... 


Dairy  

►  Law,  Dairy. 


Carriokoughter. 
Penton 


Crawfield.Bsith, 

/"Settle    &    Park 

Hill 

Settle  &Craigen- 

glen 

Law  &  Craigen- 

glen 

^Dalry  , 

HoUin  Gill .., 
I  Braid  wood  .. 


60 
64 

55 
53 

52 

63 

61 
62 

64 
60 

63 

70 

67 

68 
68 

66 
65 


Cbphalopoda. 


Ammonites   Lamberti.      PL   xxix, 

fig.  2    

Arietites  Tumeri,  gen.  emend 

Belemnites,  sp.    PL  xxix,  fig.  5    ... 

Brasilia  bradfordenris,  gen.  noy. ... 

Caloceras  pettus,  gen.  emend 

DareUia  semicostata,  nom.  nov.   ... 

Emileia  Brocchi,  gen.  nov 

Graphoceras  v-scrtptum,  gen.  noy.  . 

Lioc&ras  opaliniforme,  sp.  noy 

PaUopleuroceras    spinatum,    nom. 

nov 

Stepheoceras,  nom.  nor 

Uptonia  Jamesoni,  gen  .noy 


1  Oxfordian   . 
Lower  Lias . 


Jurassic  (?) 

Inferior  Oolite. 


-Jurassic 


Yeovil  Sands 

I  Middle  Lias 

Oolite 

Lower  Lias... 


r  Franz    Josef 
\  •  Land    


(Franz    Josef 
Land   


649 
452 

650 
458 

1454 
459 
456 
458 
458 

453 

454 
453 
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I.  IlTTBODUOIIOir. 

NoTHiNo  of  a  detailed  character  has,  so  far  as  I  am  aware,  been 
published  on  the  geology  of  Botuma.  J.  D.  Dana  mentions  it  as  a 
high  island  with  encircling  reefs  in  *  Corals  and  Coral  Islands.'  ^ 
Darwin,  in  '  The  Structure  and  Distribution  of  Coral  Beefs,'  ^  says 
that  it  possesses  a  fringing-reef  only,  and  that  it  has  an  extinct 
volcano. 

My  notes  were  made  in  the  months  of  September  to  December, 
1896,  which  I  spent  on  the  island ;  I  am  indebted  to  Capt.  Field 
and  the  officers  of  H.M.S.  Penguin  for  their  kindness,  which 
enabled  me  to  visit  the  island.  I  am  further  greatly  indebted  to 
Mr.  J.  E.  Marr  for  his  kindly  advice  and  for  rcMuling  through  the 
accompanying  paper,  and  also  to  Mr.  H.  Woods,  who  has  examined 
the  rocks  which  I  obtained. 

^  2nd  ed.  pp.  342  &  378. 
*  3rd  ed.  1^,  p.  216. 

a  J.  G.  8.  No.  213.  B 
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n.   TOPOGBAPHT. 
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^Tb^  island  of  Rotama  is  situated  in  lat.  12^  30'  8.  and  long. 

l:^^.  1'  £. ;  it  is  thus  about  260  miles  almost  due  north  of  the 

.'S^was,  the  nearest  islands  in  the  Fijian  group.     According  to  the 

'  OhaJUiiger^B  charts  it  lies  in  a  general  depth  of  2000  fathoms,  on  a 

plateau  which  includes  the  Fijian,  Tongan,  Samoan,  and  Ellice 

Vislands.     The  soundings  of  H.M.8.  Penguin :  2438,  2715  fathoms, 

etc.  in  1896,  show  that  the  Ellice  Islands  must  be  removed,  while  the 

most  recently  published  chart  of  Samoa  to  Fiji  shows  that  the 

former  is  separated  from  all  neighbouring  groups  by  a  depth  of  at 

least  2200  fathoms. 

Thus  there  is  left  a  great  plateau,  including  the  Tongan  and 
Fijian  groups,  having  a  northward  extension  of  4^  to  5^  of  latitude 
with  a  depth  not  greater  than  1500  fathoms  in  a  general  depth  of 
2000  to  3000  fathoms.  Its  breadth  north  of  and  including  Tonga  is 
about  10°,  while  in  lat.  9^  to  13°  S.  it  has  a  westward  extension  to 
join  the  plateau  on  which  the  Santa  Cruz  and  Solomon  groups  lie. 

Between  lats.  10^  and  13°  S.  are  on  this  plateau  no  less  than  ten 
islands,  or  shallow  shoals.  They  are,  from  east  to  west,  the  Eookh 
Bank,  Uea  or  Wallis  Island,  tiie  Waterwitch  Bank,  the  Isabella 
Bank,  the  Coombe  Bank,  Eotuma,  the  Alexa  Bank,  and  three 
other  banks  mentioned  by  Admiral  Wharton.^  Of  these  Uea  and 
Botuma  are  high  islands ;  while  all  the  rest,  with  the  possible 
exception  of  the  Bookh  Bank,  are  atoUnshaped  shoals,  with  only  a 
few  fathoms  off  water  over  their  rims. 

In  the  same  line  many  other  shoals  are  reported,  but  their 
positions  are  at  present  doubtful.  Nurakita,  or  Sophia  Island, 
however,  in  lat.  10°  45'  S.,  long.  179°  25'  E.,  probably  belongs  to 
the  same.  It  is  evidently  on  a  very  laige  shoal-bank,  which  the 
numerous  soundings  in  the  area  make  about  60  miles  long  by  30 
broad.  Sufficient,  however,  have  been  shown  to  indicate  that  along 
this  line  there  appears  to  be  a  range  of  mountains  varying  in  height 
above  the  general  plateau  of  from  50Q0  to  8000  feet. 

The  general  chart  of  the  island  shows  that  it  consists  of  two 
parts,  joined  together  by  a  very  narrow  neck  of  land,  which  tradi- 
tion states  to  have  been  formed  by  the  islanders  on  an  intervening 
reef.  It  consists  entirely  of  sand ;  the  mountain  bounding  it  to  the 
west  shows  at  its  base  signs  of  wave-action ;  there  are  no  large  trees 
on  it,  and  in  the  reef  a  pool,  8  to  12  fathoms  deep,  lies  in  a  direct  line 
between  the  two  largest  passages  on  the  northern  and  southern  sides. 
Taking  these  as  supporting  this  idea,  I  propose  to  treat  these  parts 
separately  as  the  eastern  and  western  ends.  Off  the  island  to  the 
west,  at  a  distance  of  2  to  4  miles,  lie  three  smaller  islands,  Uea, 
Hatana,  and  Hoflewa,  in  a  line  from  north-east  to  south-west. 

The  Eastern  End. 

f  This  part  is  very  rectangular  in  shape,  but  slightly  pointed  at  its 

western  end;  its  long  axis  runs  almost  due  east  and  west.      It  is 

*  •  Nature/  vol.  Iv.  (1897)  p.  S90. 

Digitized  by  VjOOQ IC 


Digitized  by  VjOO^  Ic 


4  MB.  J.  8.  eABDIBXB  OK  THB  QEOLOeT  OF  BOTUMA.      [Feb.  1 898, 

about  5  miles  long  by  2j  broad,  and  the  heights  of  its  hills  vary  np  to 
860  feet.  Along  it  the  hills  run  in  two  lines,  but  to  the  east  Uiey 
are  closed  by  Satarua,  so  that  they  appear  to  have  a  U-shape  with 
a  deep  and,  in  places,  very  broad  valley  between,  right  up  the 
centre.  Bound  this,  everywhere  between  the  hills  is  a  ridge  with  a 
general  height  of  a  little  over  100  feet,  and  a  minimum  of  about 
60  feet  between  Satarua  and  Hof.  On  their  outer  faces,  towards 
the  sea,  are  extensive  beach-sand  deposits,  especially  to  the  north  at 
Oinafa  and  to  the  south  at  Noatau  and  Pepji,  while  the  flat  land 
between  the  two  ends  is  similarly  formed.  On  the  reef,  which  is 
fringing,  with  in  places  an  approach  to  the  barrier  class,  are  several 
islets  with  a  gradual  slope  towards  the  land,  but  precipitous  difls  to 
the  sea. 

On  an  examination  of  this  U-shaped  range  of  hills,  which  appear 
wonderfully  uniform  in  height,  liiey  are  found  to  have  a  flat 
summit  with  a  central  depression  of  varying  depth,  or  to  run  up 
into  a  ridge.  In  both  cases  the  angle  of  slope  for  the  last  200  to 
300  feet  varies  from  30°  to  55°.  T\aB  appearance  is  further  often 
accentuated  by  the  vegetation :  large  forest-timber  on  the  summits 
and  slopes  of  the  first,  but  on  the  second  planted  land,  sometimes 
light  across  the  ridge  itself. 

Satarua,  the  most  easterly  of  this  range,  combines  to  some 
extent  the  characters  of  both  classes.  From  it  to  the  north-east  run 
out  into  the  sea  four  prominent  points,  all  of  porous  lava.  Behind 
these  the  land  rises  with  a  slope  of  1  in  30  to  1  in  20  for  about 
^  mile,  covered  for  the  most  part  with  rough,  hard,  vesicular 
lava,  often  in  loose  blocks,  with  very  little  earfli.  The  rise  then 
gradually  increases  to  1  in  6,  or  4,  for  the  next  300  feet,  the  rough 
lava  being  gradually  more  and  more  covered  with  earth.  The 
steepness  of  the  land  continually  increases,  only  small  blocks  of  lava 
are  to  be  found  for  the  next  50  to  100  feet,  and  then  there  is  an 
abrupt  rise  for  the  last  250  or  200  feet  at  an  angle  measured  at 
41°  to  44°,  the  height  of  the  mountain- being  a  little  over  700  feet. 
On  the  top  is  a  crater  150  feet  broad  by  40  deep.  The  slopes 
into  it  are  steeper  than  the  external  slope,  while  the  bottom  is 
perfectly  flat,  and  indeed,  as  many  of  these  craters  do,  gives  evidence 
of  having  at  some  previous  time  been  planted  for  food.  The  rim  is 
about  10  yards  broad,  and  consists,  with  both  of  the  slopes,  of  loose 
earth,  with  only  small  lava-blocks  here  and  there.  From  the  rim 
of  the  crater  there  extends  to  the  south-west  a  ridge,  sloping  down- 
ward, but  undulating,  about  150  yards  long  by  15  to  25  yards  broad. 
Beyond  it  the  slope  again  plunges  down  at  an  angle  of  about  40°, 
and  the  general  character  is  the  same. 

This  bare  low-lying  stretch  of  lava  at  the  base  of  the  hill, 
mentioned  above,  with  a  low  angle  of  rise,  passing  into  a  rich  and 
highly  arable  soil,  is  very  characteristic  of  all  the  volcanic  hills  of 
the  island.  It  usually  presents  an  extremely  rugged  and  rough,  black 
appearance,  sometimes  covered  with  loose,  large  blocks,  but  more 
often  completely  bare. 

Of  the  other  hills  in  the  range,  Mafoa  is  a  cone  with  a  crater  on 
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the  top  about  240  feet  deep,  and  an  external  slope  of  50^  to  60^ 
near  the  summit ;  there  are  also  craters  on  the  summits  of  Atja 
and  Hoi,  and  Matja  is  simply  a  crater  with  one  side  blown  out. 

Generally  the  rock  is  the  same  as  on  Satarua,  a  very  vesicular 
lava  (see  Appendix,  p.  10,  No.  2) ;  but  at  the  bases  of  Hoi,  Ban, 
Matja,  and  Vavasse,  near  the  sea,  a  much  finer-grained  basalt 
(he.  dt  No.  3)  is  found. 

At  Oinafa,  Noatau,  Pepji,  and  many  places  along  the  coast  the 
volcanic  rock  is  shut  off  from  the  sea  by  the  formation  of  a  sand- 
flat,  which  also  to  some  extent  is  found  at  the  mouth  of  the 
U-shaped  range  of  hills.  At  Noatau  in  places  it  is  |  to  j 
mile  broad,  and  is  about  1  foot  above  high-tide  level,  l^tween 
it  and  the  sea  is  a  further  small  rise  of  2  to  3  feet.  Holes  dug 
in  it  in  places  to  a  depth  of  6  to  12  feet  give  nothing  but  loose 
sand  with  fragments  of  corals,  shells,  nullipores,  etc.  Towards  the 
sea,  on  the  beach  between  extreme  tide-marks,  it  ends  with  a 
*  beach-sandstone  formation'  sloping  down  at  an  angle  of  firom 
6°  to  12^  to  the  sea,  and  showing  corresponding  stratification ;  in 
places,  however,  this  beach-sandstone  is  much  overlain  with  sand. 
It  can  be  and  is  used  for  gravestones,  split  off  in  blocks  of  any 
dimensions,  but  the  strata  never  run  more  than  4  to  7  inches  in 
thickness.  Below  the  first  layer  thus  removed  is  a  second,  which, 
however,  is  never  so  firmly  consolidated.  It  then  becomes  less  firm 
till  in  3  or  4  feet  loose  sand  and  fragments  of  coral,  nullipores,  etc.,  as 
on  the  flat,  make  their  appearance.  On  the  beach  the  projecting  ends 
of  six  or  seven  layers,  like  so  many  steps,  may  be  seen.  Used  as 
gravestones,  exposed  to  the  air  and  not  acted  on  by  the  sea,  it 
hardens,  becomes  more  compact,  and  rings  to  the  hammer.  After  the 
removal  of  a  layer  the  under  layer  now  exposed  hardens  consider- 
ably, and  the  place  of  the  old  layer  is  taken  up  by  the  sand.  The 
part  exposed  to  the  air  and  waves  is  hardest,  and  where  broken  off 
from  the  stratum  is  usually  covered  with  sand.  Here,  however,  it  is 
reformed,  growing  up  under  the  covering  sand,  as  it  were,  from  the 
broken  edge. 

At  Oinafa  this  sand-flat  has  a  height  at  most  parts  of  a  few 
inches  above  high  tide,  but  100  yards  in  from  the  coast,  imme- 
diately behind  the  anchorage,  it  descends  to  1-3  feet  below  high- 
tide  level.  This  area  is  nearly  half  a  mile  long  by  300  yards  in 
greatest  breadth.  In  places  in  it  are  pools  6  to  7  feet  deep,  and  much 
of  the  remainder  is  taken  up  by  a  swamp,  in  which  papoi  or  broka, 
a  species  of  arum,  is  cultivated  for  food.  On  it,  more  or  less  buried 
in  the  sand,  are  loose  blocks  of  coral  strewed  about,  and  a  crowbar 
cannot  be  forced  down  far  without  meeting  solid  rock^  which  is 
usually  of  coral  formation.  Between  it  and  the  sea  to  the  north-east, 
the  sand-beach  is  3  to  4  feet  above  high  tide,  and  the  beach-sand 
rock  is  unusually  well  defined.  It  seems  really  as  if  a  small  lagoon 
in  connexion  with  the  sea  had  once  existed  here,  but  had  been  filled 
up  by  corals,  sand,  etc.,  and  cut  off  from  the  sea  by  the  formation 
to  the  north  of  a  sand-beach. 

Somewhat  similar  but  much  smaller  swamps  exist  in  Noatau  and 
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in  Itomotu  at  the  western  end,  but  the  level  of  the  former  seems 
little  below  that  of  high  tide. 

The  outlying  islands  on  the  reef  all  seem  to  be  of  the  same 
structure,  a  rough,  reddish  ash-rock,  mixed  with  chips  of  harder, 
black  rocks,  which  on  examination  appear  to  be  lava,  some  other 
volcanic  agglomerate,  or  of  basaltic  nature;  they  are,  however, 
very  rarely  crystalline.  Sometimes  these  foreign  rocks  occur  in 
large  masses,  and  indeed  the  southern  end  of  Afaga  is  formed  entirely 
of  a  basaltic  rock.  The  two  islands  of  Howa,  opposite  Oinafa,  were 
obviously  once  joined,  but  the  ash-rock  has  been  washed  away 
between  them,  leaving  a  channel,  now  covered  by  2  to  3  feet  of  water. 
In  it,  however,  are  many  blocks  of  hard  black  rock  from  the  dis- 
integration of  the  ash-rock.  Two-thirds  of  the  way  from  Howa  to 
Afaga  lie  two  rocks  about  20  yards  outside  the  breaking  edge  of  the 
reef,  apparently  of  a  basaltic  nature.  Afaga,  as  before  mentioned, 
has  its  southern  end  of  a  compact  lava  or  basalt,  together  with  many 
rocks  lying  in  the  reef  off  its  southern  end.  Towards  the  sea  it  is 
precipitous,  but  the  section  fails  to  show  any  sharp  distinction  between 
it  and  the  ash-rock.  The  latter  has  its  strata  dipping  slightly  at  an 
angle  of  2°  or  3°  to  the  N.,  while  generally,  if  the  strata  show  at  all, 
they  are  perfectly  horizontal.  Between  Afaga  and  the  shore  rises 
a  small  ash-rock  island,  Husia,  with  precipitous  walls  about  40  feet 
high.  It  has  been  considerably  washed  away  within  the  memory 
of  many  Eotumans,  a  strong  current  with  a  deep  channel  (9  feet) 
running  between  it  and  the  shore. 

Sol  Kopi  is  about  360  feet  high,  with  precipices,  ofben  over- 
hanging the  sea  to  the  outside  from  50  to  200  feet  high,  while  Sol 
Onau  has  a  similar  structure.  Towards  the  sea,  indeed,  all  these 
islands  of  volcanic  ash  end  precipitously,  but  under  them  is  always  a 
narrow  fringing-reef  10  to  20  yards  broad.  Some,  too,  show  traces 
of  extensive  landslips. 

The  Western  End. 

The  part  thus  designated  is  very  sharply  separated  from  the 
beach-sand  flat  at  the  isthmus  by  steep  chSa  of  70  to  100  feet, 
surrounding  the  base  of  Kugoi,  while  the  same  hill  continues  to  the 
south  by  a  ridge  into  Kiliga,  but  to  the  north  has  a  sharp  drop 
into  a  valley  from  which  Sororoa  rises  to  the  height  of  about  850 
feet. 

Kugoi  and  Eiliga  are  bounded  on  all  sides  by  precipitous  cliffs, 
150  to  250  feet  high,  but  on  the  west  have  been  to  some  extent 
banked  up  by  a  flow  of  lava  from  a  crater  halfway  up  Sororoa,  the 
greater  part,  however,  of  which  mountain  is  of  ash-rock,  as  also  is 
the  hill  of  Mea  to  the  west. 

Somewhat  westward  of  Mea  rises  a  small,  perfectly  conical- 
shaped  hill,  called  Maflri.  It  is  nearly  200  feet  above  the  general 
level  and  about  350  feet  above  the  sea.  It  is  covered  everywhere 
with  big  rough  blocks  of  black,  extremely  vesicular,  but  heavy  lava, 
in  whid^  are  many  small  caves,  15  to  25  feet  deep.     On  the  top  is  a 
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large  pit  leading  into  a  number  of  passages  and  caves.  Soath  of 
Mea  is  another  such  pit  on  a  slight  rise,  caUed  An  Hufhuf  (the  Cave 
of  Many  Bats) ;  the  detailed  descriptions  of  both  are  appended. 

South  of  these  are  two  hills,  Sorou  and  Meamea,  both  of  which 
are  of  volcanic  ash ;  the  former  has,  Hke  Sororoa,  a  crater  on  the  side 
away  from  the  sea. 

III.  Caves,  Pits,  etc. 

On  the  summit  of  Mafiri  (see  figs.  1-4,  p.  8)  is  a  pit  13  to  14  feet 
broad  at  the  top  and  nearly  circular  in  shape.  Bound  the  edge  is 
a  raised  rim  1  to  2  feet  high  and  6  inches  thick,  consisting  of 
much-weathered  vesicular  lava.  Descending,  the  pit  narrows  to  a 
breadth  of  5  feet  at  a  depth  of  32  feet,  and  then  opens  into  an 
immense  chamber  70  feet  long  by  30  broad  at  the  level  of  the 
summit  of  a  mound,  which  has  formed  in  the  centre  82  feet  below 
the  mouth  of  the  pit.  The  narrow  pit  to  the  depth  of  32  feet  has 
the  appearance  of  a  wall,  built  up  by  man,  of  great  rectangular 
concave  blocks  of  stone,  owing  to  horizontal  and  vertical  fractures. 
The  mound  consists  of  loose  masses  of  lava,  earth,  decaying  vegetable 
matter,  etc.,  which  have  fallen  in  from  the  summit  or  the  walls. 

On  one  side  the  mound  slopes  down,  at  an  angle  of  45°,  for 
60  feet  or  so  into  a  small  chamber,  which  is  much  filled  up  by 
large  fallen  masses  of  rock.  Twelve  feet  above  one  part  of  the 
slope  is  a  narrow  triangular  tunnel,  about  3  feet  high  by  the  same 
broad,  running  for  30  yards  outward  with  a  slight  downward  slope 
of  1°  to  3°.  Near  its  end  it  opens  into  a  chamber  16  feet  high.  For 
the  last  two-thirds  of  this  tunnel  the  floor  has  a  rough,  black,  some- 
what ropy  appearance,  showing  clearly  the  direction  of  a  lava-flow 
outward.  On  the  roof  hang  a  few  small,  sharp,  conical  stalactites, 
never  more  than  2  or  3  inches  long.  At  the  end  the  roof  and 
floor  approach  each  other  at  a  very  acute  angle. 

On  the  other  side  of  the  mound  the  first  slope  is  steeper,  and  runs 
rather  deeper  down.  It  ends  then  in  a  tunnel  about  110  yards 
long,  sloping  down  at  an  angle  of  10°  or  less.  Its  general  height  is 
about  6  feet  in  the  centre,  with  a  breadth  of  12  to  15  feet.  Its  floor 
is  slightly  higher  in  the  centre,  and  shows  for  most  of  its  course, 
about  i|  feet  from  the  walls,  two  cracks  or  fissures,  10  to  12  inches 
deep  by  3  or  4  broad  at  the  top ;  these  follow  very  regularly  its 
course.  Near  its  end  it  opens,  as  does  the  other  tunnel,  into  a 
large  chamber,  and  the  angle  at  its  end  is  likewise  very  acute.  The 
structure  of  its  walls,  fioor,  and  roof  is  the  same  as  in  the  smaller 
cave  ;  in  no  place,  not  even  in  the  large  chambers,  is  there  any  sign 
of  the  walls  or  roof  falling  in  in  any  way.  The  ropy  appearance  of 
the  fioor,  its  raised  centre  and  general  trend,  show  conclusively  the 
direction  of  the  flow  of  lava  along  the  tunnel.  Examining  the 
contour  of  the  land  above,  there  is  a  distinct  rise,  running  out  for  a 
considerable  distance  to  the  south-west,  but  signs  of  any  direct 
outflow  from  this  tunnel  or  any  difference  of  the  lava  could  not  be 
detected. 

An  Hufhuf  seems  to  be  directly  comparable  to  Maflri,  only  the 
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pit  18  not  situated  at  the  top  of  a  steep  conical  rise,  but  almost  on 
the  flat.  Its  pit,  too,  is  much  broader  at  the  top  and  not  nearly  so 
deep.  It  has  one  long  tunnel,  out  of  which  two  caves  run.  The 
first  rises  at  once  to  some  extent  and  then  has  a  sudden  drop  of  16 
feet  into  a  tunnel  which  proceeds  almost  at  right  angles  to  it,  and 
down  which  a  lava-flow  has  coursed,  of  the  same  character  as  in  the 
tunnels  of  Sol  Maflri.  The  second  has  its  lava-flow  into  the  main 
tunneL 

The  lava-beds  in  the  neighbourhood  of  these  two  pits  show  many 
small  caves  or  overhanging  ledges,  caused  apparently  by  the  lava 
underneath  flowing  away  after  the  crust  above  has  cooled.  In  one 
place  just  under  Maflri  is  a  circular  pit  about  3  feet  across.  It  is 
about  10  feet  deep,  and  shows  the  flow  of  lava  for  20  to  30  yards. 

The  tunnels  seem  to  be  comparable  to  that  left  by  the  lava-stream 
above  Hilo,  in  the  eruption  of  Mount  Kea,  Sandwich  Islands,  of 
1880-81,^  but  the  stalactites  would  seem  to  be  absolutely  dissimilar, 
and  stalagmites  are  practically  absent  in  the  Eotuman  tunnels. 

IV.  Westbbit  Islands. 

.  Uea,  to  the  north,  is  formed  of  essentially  the  same  volcanic  ash  as 
the  hill  of  Sororoa  opposite  to  it.  It  is  about  900  feet  high,  and  is 
thus  about  40  feet  higher  than  any  hill  on  the  main  island.  On  every 
side  it  is  bounded  by  clifi&,  which  to  the  north  and  west  are  very  high 
and  precipitous.  To  the  north-west  near  the  summit  they  are  over 
800  feet.  While  round  Sororoa  there  is  even  on  the  most  precipitous 
face  a  small  fringing-reef,  none  is  present  around  Ilea.  Eastward 
the  island  slopes  more  gradually,  but  a  landing,  on  account  of 
the  steepness  and  breakers,  has  nearly  always  to  be  efiected  by 
swimming.  The  strata  in  the  cliffs  round  the  island  are  generally 
horizontal,  but  at  the  landing-place  have  a  t<endency  to  dip  or 
be  curved  slightly  and  show  much  false  bedding.  In  the  ash- 
rock  embedded  volcanic  fragments  occur,  but  rarely,  and  never  in 
large  blocks.  In  places  under  the  action  of  fresh  water,  near  certain 
streams,'  the  rock  becomes  more  like  shale.  Near  these,  too,  a  red 
earth  is  found,  which  lathers  slightly,  and  is  used  as  a  soap. 

Halfway  between  Uea  and  Hatana  is  a  small  reef,  Hofhaveanlolo, 
about  60  yards  across,  partially  uncovered  at  low  tide.  Hatana 
really  consists  of  two  islands  inside  the  same  fringing-reef^  with 
clifb  to  the  west. 

Hoflewa,  2  miles  south-west,  is  a  crescent-shaped  island  open  to 
the  north-east,  with  cliffs  all  round.  The  whole  island  is,  like  Hatana, 
a  mass  of  dense,  hard,  black,  ver}'  slightly  vesicular  lava. 

Y.  Metbobolooical  Conditions. 

Except  during  December,  January,  February,  and  March,  the 
prevailing  winds  are  E.  to  8. ;  in  the  above  months  they  vary  from 
N.  to  W.      Very  heavy  rainstorms  often  come  up  with  the  E. 

1  J.  D.  Dana,  *  Obaracteristica  of  Volcanoefl,'  1890,  p.  209. 
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winds,  but  with  N.W.  winds  the  storms  are  of  long  duration  and 
yery  dense.  Hurricanes,  with  heavy  rain,  occur  about  every  three 
years.  The  total  annual  rainfall  is  estimated  by  residents,  from 
known  Fijian  statistics,  at  from  150  to  250  inches. 

No  perennial  streams  flow  except  on  Uea,  where  there  are  two. 
Deep  channels  have  been  cut  by  the  rain,  however,  on  Sororoa  and 
Sol  Eopi.  In  the  regions  of  volcanic  rock  there  are  no  signs  of 
watercourses,  but  two  streams  flow  perennially  out  of  this  rock 
between  tide-marks  at  Lopta  and  Noatau.  Towards  the  middle  of 
this  part  of  the  island  is  an  extensive  watershed  with  no  visible 
escape  to  the  sea;  possibly  these  two  streams  are  fed  from  a 
reservoir  filled  by  this. 

Bound  the  island  is  no  current,  except  a  drift,  caused  by  and 
varying  with  the  wind.  The  100-fathom  line  follows  the  contour 
everywhere  very  regularly,  but  extends  considerably  to  the  north- 
east and  south-west  along  the  lines  of  Hoflewa  and  Uea. ' 

VI.  Conclusion. 

From  the  foregoing  evidence  I  am  inclined  to  think  that  Botuma 
was  first  formed  of  a  kind  of  basaltic  rock,  such  as  is  found  in 
Kugoi  now.  This  rock  I  believe  to  have  extended  along  the  whole 
island  as  it  now  runs,  but  to  have  been  broken  up  by  that  great 
eruption,  or  series  of  eruptions,  which  formed  the  central  U-shaped 
range  of  hills  of  the  eastern  end.  By  this  eruption  I  believe  that  this 
same  basaltic  rock  was  in  places  loosely  piled  up,  and  then,  by  dis- 
integration and  admixture  with  lava,  formed  the  hills  'and  islands  of 
volcanic  ash.  The  last  stage  is  the  washing  away  of  these,  and  the 
formation  of  the  coral-reef  and  the  beach-sand  flats. 


VII.  Appendix. 

Notes  on  the  Rocks  collected  by  Mr.  Stanley  Gabdinbb. 
By  Henby  Woods,  Esq.,  M.A.,  F.G.8. 

1.  Olivine-Dolerite  from  Kugoi. 

This  is  a  light-greyish,  moderately  coarse-grained  dolerite,  con- 
taining much  felspar.  The  rock  is  quite  fresh,  and  consists  of 
plagioclase-felspar,  augite,  olivine,  magnetite,  and  apatite.  Two 
generations  of  felspar  are  very  distinct — the  crystals  belonging  to 
the  earlier  showing  good  contours.  It  is  probable  that  this  is  an 
intrusive  rock. 

2.  Basalts  from  Tarasua  Point,  Mafiri  Cave,  and 
An  Hufhuf. 

These  are  very  vesicular  basalts,  black  or  grey  in  colour.  The 
specimen  from  Tarasua  Point  was  found  by  Dr.  W,  Pollard  to 
contain  48*86  per  cent,  of  silica ;  the  rock  is  dark  in  colour  and 
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consists  of  minute,  but  long,  plagiodase-felspars  (with  a  few  larger 
crystals  of  the  same  mineral),  augite,  and  magnetite.  The  small 
felspars  have  a  parallel  arrangement.  The  specimen  from  Mafiri  is 
a  fine-grained  rock,  in  which  the  felspars  have  no  regular  arrange- 
ment. 

8.  Olivine-Basalts  from  Sayelei  Point,  base  of  Hoi, 
amd  base  of  Vavasse  (opposite  Sol  Kopi). 

The  specimen  from  Hoi  is  a  greyish  compact  rock  with  light 
green  crystals  of  olivine.  Microscopic  examination  shows  that  it  is 
fine-grained  and  not  decomposed ;  it  cousists  mainly  of  a  mass  of 
small, lath-shaped,  plagiodase-felspars  and  augite,  with  larger  crystals 
of  augite  and  olivine.  Magnetite  is  abundant.  The  felspars  have 
a  fairly  well-marked  parallel  arrangement 

The  rock  from  Savelei  Point  is  darker  and  somewhat  vesicular, 
resembling  in  general  appearance  the  specimen  from  Tarasua  Point, 
but  containiug  olivine. 

4.  Ashes  from  Sol  Kopi,  Afaga,  Howa,  Kugoi,  Kiliga 
Point,  and  Sororoa. 

These  are  light-coloured  rocks,  varying  in  texture  and  compact- 
ness. The  specimen  from  Sol  Kopi  is  composed  mainly  of  rather 
large  fragments  of  glass  containing  numerous  vesicles,  and  a  fair 
number  of  crystals  of  augite.  The  specimen  from  Afaga  is  similar, 
but  lighter  in  colour  aod  finer-grained. 

5.  Calcareous  Sand  from  Noatau,  Oinafa,  and  Matusa. 

This  is  a  white,  loosely-compacted  rock,  composed  of  calcareous 
grains,  often  as  much  as  3  mm.  in  diameter.  Microscopic  exami- 
nation shows  that  the  grains  consist  of  calcareous  algse,  fragments 
of  echinoderms,  and  corals ;  a  few  pieces  of  volcanic  rock  (?  andesite) 
are  also  seen.  In  a  more  compact  example  the  cementing-material 
is  caloite. 

DlSOTTSSION. 

Prof.  J.  W.  JuDD  and  Mr.  Marb  spoke,  and  the  Authob  replied. 
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2.  The  Laccolites  of  Outch  and  their  Eelatiors  to  the  other  Iqnbovs 
Masses  of  the  Distbict.  By  the  Bev.  J.  F.  Blaxs,  M.A.,  F.6.S. 
(Read  May  26th,  1897.) 

[Abstract.] 

The  Author  has  obserrecl  thirty-two  domes  of  yarious  kinds  in 
Catch,  distributed  as  follows  : — (i)  those  connected  with  the  northern 
islands ;  (ii)  those  of  Wagir ;  and  (iii)  those  along  the  northern  edge 
of  the  mainland.  They  are  divisible  into  four  classes :  (a)  those 
which  are  so  elongated  on  the  line  joining  adjacent  ones  that  they 
seem  to  be  mere  modifications  of  anticlinals,  though  the  supposed 
anticline  is  not  really  continuous ;  (6)  those  which  lie  in  a  line,  but 
are  not  elongated  in  that  direction,  and  often  in  no  other ;  (c)  those 
which  are  related  to  a  fault,  which  cuts  them  iu  half ;  and  {d)  those 
which  are  not  in  any  particular  relation  to  each  other,  or  to  any 
other  stratigraphical  feature. 

The  domes  vary  in  degree  of  perfection :  some  are  irregular, 
while  some  have  the  strata  running  in  concentric  circles,  the  outer 
and  newer  strata  dipping  away  from  the  inner  and  older.  In  no 
less  than  ten  of  the  thirty-two  domes  igneous  bosses  are  found 
occupying  the  centre,  and  these  are  distributed  amongst  all  of  die 
above  classes.  The  Author  gives  reasons  for  maintaining  that  the 
domes  are  the  results  of  intrusion  of  igneous  rocks  in  the  form  of 
laccolites,  and  are  not  anticlinal  folds  which  have  afterwards  been 
affected  by  cross-folds.  The  domes  are  contrasted  with  igneous 
peaks  which  occur  in  abundance  in  a  different  part  of  the  area, 
usually  at  a  higher  horizon  of  the  strata  and  at  a  higher  level  above 
sea.  These  are  probably  volcanic  pipes  through  which  the  lava  was 
forced  and  extruded  at  the  surface. 

The  Author  compares  the  rocks  of  the  bosses  with  those  of  the 
dykes  and  flows.  Both  are  principally  perfectly  fresh  dolerites,  but 
the  former  are  distinguished  by  the  presence  of  intergrowths  of 
micropegmatite  as  the  last  stage  of  consolidation,  as  in  the  '  Konga 
diabases.'  There  is  also  among  them  a  felsite-breccia  with  micro- 
pegmatite  developed  in  the  cracks. 

He  considers  that  nearly  all  the  igneous  rocks  of  Cutch  have  been 
derived  from  a  single  magma,  which  in  a  solid  condition  must  have 
contained  large  crystals  of  augite,  olivine,  and  ilmenite  in  a  ground- 
mass  of  lime-felspars,  and  have  been  throughout  of  a  basic  character. 
Such  a  magma  originated  in  more  than  one  centre.  One  was  possibly 
not  far  from  the  Sindree  basin,  whence  lines  of  weakness  diverged. 
Along  these,  owing  to  the  thickness  of  the  strata,  there  was  no 
extrusion  at  the  surface,  aud  laccolite-domes  were  formed.  Where 
the  rock  reached  higher  levels,  it  spread  out  into  sheets  between  the 
domes  and  aided  iu  the  production  of  synclinals.  Another  centre 
was  west  of  Bhuj,  where  the  rock  reached  the  surface  without 
materially  disturbing  the  sedimentary  rocks,  and  formed  the  so-called 
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*  Btratified  traps.'    There  were  also  areas  here,  especially  to  the 
south,  where  escape  was  impossible  and  domes  were  formed. 

The  Author  observes  that  his  conclusions,  if  correct,  may  be 
applied  to  explain  the  source  of  the  Deccan  trap  without  eruptive 
centres.  It  may  have  been  forced  out  from  innumerable  orifices  a» 
from  a  sieve,  none  of  these  being  so  much  larger  than  others  as  ta 
make  a  definite  centre. 

Discussion. 

Mr.  W.  W.  Watts  congratulated  the  Author  on  abolishing  the 
mushroom-stalk-like  dyke  which  disfigured  most  diagrams  of  lacco- 
lites,  but  failed  to  understand  that  the  diagrams  exhibited  by 
Prot  Blake  showed  the  typical  structure  of  these  igneous  masses. 
Indeed,  the  whole  of  the  sedimentary  rocks  of  tlus  region  were 
represented  as  floating  on  a  mass  of  igneous  rock.  He  pointed  out 
that  in  the  Shelve  and  Gomdon  area  the  igneous  rocSc  occupied 
several  positions — anticlinal  spaces,  arch-limb  spaces,  fault-plajies, 
and  twist-lines.  The  physical  structure  of  the  region,  however,  was 
just  like  that  of  areas  from  which  igneous  rocks  were  absent,  making 
it  dear  that  the  structure  was  the  result  of  lateral  pressure,  but 
that  an  igneous  magma  was  at  hand  which  welled  up  into  all  the 
regions  of  lower  pressure.  It  was  interesting  to  note  that  the  rook- 
t3rpe8  of  the  laocolites  described  by  the  Autiior  corresponded  with 
those  described  in  British  masses,  and  not  with  those  whose  petro- 
graphy had  been  the  subject  of  the  recent  memoir  by  Whitman 
Gross,  published  in  the  I4th  Annual  Eeport  of  the  United  States 
Geological  Survey. 

Mr.  EuTLSY  said  that  he  felt  the  limited  time  allotted  to  the 
reading  of  the  paper  had  prevented  the  Author  from  doing  justice 
to  his  work.  Aftiar  emphasizing  the  relation  of  the  terms  *  peg- 
matitic '  and  '  micropegmatitic,'  he  suggested  that  it  would  be  well 
to  supplant  the  latter  by  *'  micrographic,'  as  employed  by  Harker, 
restricting  the  term  *  graphic  structure '  to  the  well-known  coarse 
intergrowths  of  quartz  and  felspar  which  are  at  times  associated 
with  pegmatite  proper  or  *  Biesengranit.' 

The  Pbesidbkt  and  Gen.  McMahok  also  spoke. 

The  AuTHOB  replied  that  the  points  raised  by  those  who  had 
discussed  his  brief  r^m^  would  all  be  found  dealt  with  in  the 
paper  itself. 
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3.  An  EzPLAHAiioN  of  the  Olaxhsvgh  Section  (Co.  Dttbham).  By 
D.  WooLAooTT,  Esq.,  M.Sc.  (Communicated  by  Prof.  G.  A. 
Lbboub,  M.A.,  F.G.8.     Read  June  23rd,  1897.) 

[Abstract.] 

The  section  of  wbich  an  explanation  is  offered  in  this  communi- 
cation occurs  about  2  miles  west  of  Sunderland,  and  has  been 
noticed  by  Messrs.  King  &  Howse,  and  Prof.  Lebour.  The  base 
shows  the  Permian  Yellow  Sands,  which  are  succeeded  at  the 
western  end  of  the  section  by  the  Marl  Slate,  thin-bedded  lime- 
stones, and  at  the  top  crystalline  limestones  without  any  trace  of 
bedding.  At  the  eastern  end  the  Marl  Slate  and  thin-bedded  lime- 
stones are  absent,  and  except  when  a  breccia  intervenes  the  crystal- 
line limestones  rest  on  the  Yellow  Sands,  though  the  thin-bedded 
limestones  and  Marl  Slate  show  no  signs  of  thinning  out.  There 
are  also  minor  complications.  The  Author  suggests  that  the  section 
may  be  explained  by  supposing  that  denudation  occurred  in  a 
cavern,  the  roof  of  which  a^;erwards  fell  in,  and  that  disturbances 
were  also  produced  by  '  creep  -movements. 
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4.  A  Contribution  to  the  Paljsontologt  of  the  Decapod  Cbustacea 
of  Enolakd.  By  the  late  James  Cabteb,  F.R.C.S.,  F.G.S. 
(Commimieated  by  Prof.  T,  McKennt  Hughes,  M.A.,  F.R.S. 
Bead  Noyember  3rd,  1897  ) 

[Platbs  I  &  n.] 

Ooimnrrs. 

Paw 

L  Maorara  16 

Fam.  Astaoomorpha 16 

Nepkrops,  Gebia, 

11.  Brachyura   18 

F^un.  Dromiaoea    18 

Oastrosacus,  Plapophthalmus. 

Dromilites.  Homolopm, 

DiauUu.  Goniochele. 

Cyphonotus, 

Fnm,  Baninoidea  23 

Sanina. 
Fam.  Ozystomata 24 

Palaoeorystea,  Campylostoma, 

Eucorystts,  Mithraeia. 

Cyclocorystes,  MUhracUes. 

Necrocarcintu,  Trachynoiua, 

OritkapM. 

Fam.  Oydometopa    33 

(i)  Subfam.  Portunid«     33 

Neptunus.  Rhachiosoma. 

Portunites, 
(ii)  Subfam.  CancridflB  35 

Actaopsia.  Plagiolophu9, 

Etyus,  Xanthilitea, 

Xanthosia,  Podopilumnui. 

Xanthopsis, 

Vam,  Oatometopa 43 

GonioeypocUu 

Intboductoby  Note. 

[The  following  memoir  deals  mainly  with  the  Brachyura.  It 
contains  descriptions  of  several  new  forms,  and  gives  much  fresh 
information  with  regard  to  the  morphology,  affinities,  and  distri- 
bution of  species  previously  described.  The  author  bequeathed 
his  collection  of  Crust^acea,  together  with  his  scientific  library, 
to  the  Woodwardian  Museum,  where  both  are  now  accessible 
to  palseontologists.  This  work  has  been  edited  by  Mr.  Henry 
Woods,  M  Jl.,  F.G.S.,  at  the  request  of  the  author's  daughter,  Mrs.  J. 
E.  Foster.— T.  McK.  H.] 
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I.  Macbuba. 
Family  Astacomorplia. 
Genus  Nsphbops,  Leaoh. 
Nbpebops  Eeedi,  sp.  noy.    (PI.  I,  fig.  1.) 

Description. — ChelsB  elongate ;  basal  portion  of  propodite— ^  hand  * 
— more  than  twice  as  long  as  wide ;  a  double  row  of  large  blontly- 
conical  tubercles,  the  apices  of  which  are  directed  forward,  runs 
along  both  the  outer  and  inner  borders  as  far  as  the  base  of  the 
fingers.  On  the  dorsal  surface  a  series  of  10  tiO  12  tubercles,  larger 
thim  those  on  the  border,  and  placed  upon  a  broad  ridge,  extends 
from  the  carpal  end  to  the  base  of  the  fixed  finger ;  the  spaces 
between  the  median  and  the  marginal  rows  are  slightly  concave 
and  nearly  smooth.  The  palmar  surface  also  bears  a  median  series 
of  large  tubercles  of  unequal  size,  which  are  arranged  on  the 
proximal  two-thirds  of  the  hand  in  two  rows,  which  coalesce  and 
terminate  as  a  single  row  at  the  base  of  the  ^ed  finger.  Fingers 
imperfect,  rather  slender,  half  (?)  as  long  as  the  hand  when  perfect. 
Length  of  hand  from  carpal  to  dactylopodal  articulationBs2|  inches. 

Affinities. — This  species  differs  from  its  existing  representatiye, 
N,  norvegicus,  by  its  larger  size,  by  the  form  and  magnitude  of  the 
tubercles,  and  by  the  arrangement  of  the  median  rows  on  the  dorsal 
and  palmar  surfaces ;  in  the  living  form  these  are  placed  approxi- 
mately opposite  each  other  and  about  equidistant  from  the  inner 
and  outer  borders ;  in  the  fossil  the  palmar  is  much  nearer  the  inner, 
and  the  dorsal  nearer  the  outer  border  of  the  hand. 

Bemarhs. — The  only  portions  of  this  species  which  have  been 
hitherto  determined  are  the  chelse  of  the  first  pair  of  limbs,  but 
the  characters  which  these  members  afford  are  so  distinctive  as  to 
warrant  a  positive  generic  reference. 

It  is  of  phylogenetic  interest  to  recognize  in  this  Eocene  form 
the  vigorous  prototype  of  one  of  the  most  graceful  of  existing 
British  species,  N.  norvegicus^  and  it  is  of  biological  importance  as 
affording  partial  evidence  of  the  kind  and  degree  of  modification  of 
character  which  has  taken  place. 

I  am  indebted  to  the  authorities  of  the  York  Museum  for  kind 
permission  to  describe  this  addition  to  the  list  of  British  fossil 
Crustacea,  and  I  have  great  pleasure  in  dedicating  this  species 
to  the  late  William  Beed,  F.G.S.,  to  whose  profuse  liberality  that 
museum  owes  one  of  the  most  valuable  of  the  many  provincial 
collections  in  this  country. 

Distrilwtion. — Crag  of  Boyton— derived  from  the  London  Clay. 
Four  specimens  exist  in  the  York  Museum. 

Genus  Gebia,  Leach. 
Gbbu  CLTPBATirs,  sp.  uov.    (PI.  I,  fig.  2.) 

Description.— Carapace  rather  compressed  laterally  ;  length — 
exclusive  of  rostrum — nearly  twice  the  metabranchial  height. 
Rostrum  produced,  broadly  lanceolate,  deeply  grooved  dorsally ;  the 
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distinct  carinse,  which  border  the  rostrum  on  each  side,  extend 
backward  and  outward,  and  bound  a  space  which  anteriorly  and 
laterally  encloses  the  mid-gastric  lobes  ;  a  central  ridge  runs  along 
the  dorsal  groove  of  the  rostrum  and  the  mesogastric  lobe,  and 
bifurcates  midway  towards  the  cervical  sulcus.  Between  the  mid- 
gastric  lobes  and  the  antero-lateral  margin  occurs  another  indistinct 
ridge,  which  terminates  as  a  slight  blunt  process  on  the  frontal 
border.  A  narrow,  sinuous,  cervical  sulcus  crosses  the  dorsum 
about  midway  between  the  frontal  and  the  posterior  border,  and 
extends  obliquely  forward  to  the  antero-lateral  border.  On  the 
scapular  region  a  median  ridge  commences  at  the  cervical  sulcus, 
becomes  gradually  wider  and  more  elevated,  and  ends  as  a  distinct, 
blunt  process  near  the  posterior  border  of  the  carapace.  Branchial 
lobes  indistinctly  defined;  surface  minutely  punctate.  A  rather 
wide,  shallow  sulcus  apparently  indicates  the  separation  of  the 
metabranchial  from  the  anterior  branchial  lobes.  An  elevated  ridge 
subtends  the  posterior  and  lateral  margin  of  the  carapace. 

Abdomen  seven-jointed,  as  long  as  the  carapace;  segments  of 
nearly  equal  length,  slightly  increasing  in  width  from  the  first  to 
the  fifth  ;  mesotergal  portion  of  each  segment  large,  slightly 
punctated,  and  sparsely  granulated  near  the  epimera.  Epimera 
broadly  rounded,  slighUy  granulated,  marked  off  from  the  meso- 
tergal portion  by  a  ridge.  Caudal  appendages  largely  developed. 
Telson  with  distinct  lateral  ridges,  and  gradually  widening  towards 
the  posterior  border,  which  is  slightly  rounded.  Endopodite  and 
exopodite  respectively  equal  to  the  telson  in  width ;  strongly  ridged 
centrally. 

First  pair  of  limbs  monodactylous  ;  the  meropodit«  haa  a  row  of 
acute  tubercles  on  the  outer  border ;  carpopodite  subterete,  nearly 
half  as  long  as  the  propodite.  Propodite  rather  more  than  half  the 
length  of  the  carapace;  surface  granulated.  Fixed  finger  rudi- 
mentary. Dactylopodite  slender,  half  as  long  as  the  propodite,  its 
inner  border  trenchant. 

Specimens  vary  in  length  from  13  to  20  mm. 

Remarks, — The  long  slender  abdomen,  the  largely-developed 
caudal  appendages,  and  the  conformation  of  the  chelse  are  so  similar 
to  those  of  Oebia  that  I  provisionally  refer  this  species  to  that 
genus. 

Specimens  of  this  species  usually  occur  in  the  form  of  casts,  the 
most  characteristic  feature  of  which  is  the  sharply-defined  shield- 
shaped  dorsal  lobe  occupying  the  mid-gastric  region ;  this  character 
has  suggested  the  specific  name.  Examples  in  which  portions  of 
the  test  are  preserved  show  that  the  sur&ce  of  the  cephalic  region 
is  granulated,  and  that  the  elevations  which  occur  as  sharp  carinse 
in  the  cast  are  indicated  by  corresponding,  but  broader,  ridges 
bearing  granules  of  a  larger  size  than  those  on  the  rest  of  the 
carapace.     Eleven  specimens  have  been  examined. 

Distribution, — Great  Oolite  of  Northampton ;  in  the  Woodwardian 
Museum,  the  collection  of  Mr.  T.  J.  George,  of  Northampton,  and 
in  my  own  cabinet. 

Q.  J.  G.  8.  No.  213.  c 
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II.  Brachtttba. 
Family  Dromiacea. 
Genn8  Gastbosactjb,  H.  v.  Meyer. 
Gastrobacus  Wbtzlbri,  H.  v.  Meyer,  1854.     (PI.  I,  fig.  3.) 

1864.  OiMtroiacM  Wetzleri,  H.  v.  Meyer,  '  Jurass.  u.  Trias.  Crust./  PalsBonto- 
graphica,  vol.  iv,  p.  61  &  pi.  x,  figs.  3  &  4. 

1868.  Frosopon  acuUahim,  Quenstedt, '  Der  Jura,*  p.  779  A  pi.  xcv,  figs.  46  &  47. 

1860.  €kuirosacu9  WeUleri,  H.  v.  Meyer,  *  Die  Prosoponiden/  PalaBontographica, 
vol.  vii,  p.  219  &,  pi.  xxiii,  fig.  S4. 

1867.  Frosopon  aeuleatum,  Quenstedt,  '  Handb.  d.  Petrefaktenkunde,'  p.  316  & 
pi.  xxvi,  fig.  14. 

Description. — Length,  from  base  to  rostrum,  one-sixth  greater 
than  the  width.  Surface  minutely  granulated.  The  rostrum  occupies 
the  median  third  of  the  orbito-frontal  border ;  it  is  acutely  pointed, 
and  about  one-fourth  the  length  of  the  carapace  ;  it  bears  a  sharp 
granulated  dorsal  carina.  Orbits  rather  small,  with  thin  margins. 
Cephalic  area  somewhat  smaller  than  the  scapular.  Surrounding  the 
gastric  lobes  is  an  unusual  annular  sulcus,  bearing  granules  which  tend 
to  assume  a  radiate  or  linear  arrangement ;  an  indistinct  radiate 
depression  divides  this  area  into  four  portions : — the  normal  branchial 
lobes  separated  by  slight  sulci ;  the  linear  urogastric  lobe  ;  and  the 
pentagonal  cardiac  lobe. 

Length  of  carapace  from  base  of  rostrum =11  mm. 

Affinities, — The  form  of  the  carapace,  the  conformation  of  the 
rostrum,  and  the  annular  sulcus  surrounding  the  median  gastric 
lobes  distinguish  this  species. 

Distribution. — A  single  imperfect — but  certainly  recognizable — 
specimen  in  the  Woodwardian  Museum,  from  the  Coral  Bag  of 
Upware,  is  the  only  evidence  I  have  of  the  occurrence  of  this  species 
in  England.  It  is  found  abundantly  in  the  Upper  White  Jura  of 
Germany,  where,  as  in  England,  it  is  associated  with  Prosopon 
marginatum.  In  the  specimen  figured  by  Meyer  (pi.  x,  fig.  4),  the 
rostrum  is  imperfect,  and  is  wrongly  represented  as  being  short  and 
trifid. 

Genus  Dboiolitbs,  Milne-Edwards. 

Dbomilites  Bucklandi,  Milne-Edwards. 

1868.  Bell,  Monogr.  pt.  i,  p.  81  A  pL  vi,  figs.  1-11. 

Supplementary,^ — Bell  has  described  this  well-marked  species  in 
detail.  I  have  not  been  able  completely  to  determine  the  characters 
of  the  orbito-frontal  border.  Bell  states  that  the  rostrum  is  pointed, 
but  in  the  cast  of  the  interior  it  is  widely  bifid. 

To  this  species  it  is  exceptionally  difiicult  to  assign  definite 
characters  which  will  apply  to  all  stages  of  growth,  so  considerably 
do  they  vary  according  to  age.  Bell's  description  applies  accurately 
to  the  earlier  stages.     Dr,  BvMandi  may  usually  be  recognized  at 

^  The  remarks  made  under  this  beading  throughout  are  intended  to  supple- 
ment the  descriptions  given  by  Bell  in  his  Monograph  on  the  Malaoostraoous 
Crustacea  (Paleeont.  Soo.). 
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£r8t  sight  by  the  series  of  four  bosses  upon  the  mesogastric  and 
metabranchial  lobes,  arranged  in  a  semicircle  in  front  of  the 
cardiac  lobe. 

Distribution, — Examples  from  the  Bed  Crag  (deriyatiye)  of  Satton 
and  Waldringfield  are  in  the  British  Museum,  the  Museum  of 
Practical  G^logy,  the  Woodwardian  Museum,  and  the  Ipswich 
Museum. 

Dboiolites  IiAHAKCsn  (Desmarest). 

1868.  Bell,  Monogr.  pt.  i,  p.  29  &  pL  v,  figs.  1-9. 

Supplementary. — ^The  interorbital  portion  of  the  frontal  border 
is  very  prominent,  triangular,  and  deeply  grooyed  dorsally.  Basal 
joint  of  inner  antennsa  robust.  Epistome  equilaterally  triangular. 
Sternal  plastron  narrow,  longitu^nally  hollowed.  Epistemum 
acutely  pointed,  half  the  length  of  the  sternal  plastron.  Meropodite 
of  the  chelae  dentate  on  both  borders. 

Id  the  preface  to  Part  II  of  his  *•  Monograph,'  Bell  suggests  that 
Dromilitea  may  be  the  Tertiary  representative  of  the  Greensand 
genus  ffomohpsis.  Certainly  aged  individuals  of  Dr.  Lamarckii  so 
closely  resemble  specimens  of  ffomohpsis  Edwardsii  as  to  confirm 
this  view.  The  variation  of  character  according  to  age  and  stage  of 
growth,  to  which  Bell  alludes  in  his  description  of  Dr.  Bucklandit  is 
-equally  remarkable  as  regards  Dr.  Lamarckii. 

Distribution. — Specimens  from  the  Bed  Crag  of  Sutton  and 
Waldringfield  are  in  the  Woodwardian  and  the  Ipswich  Museums. 

Genus  Diaulax,  Bell. 

Supplementary. — ^The  two  transverse  sulci  upon  the  dorsum  of 
the  carapace,  which  suggested  to  Prof.  BeU  the  name  of  this  genus, 
•constitute  a  character  which  is  not  peculiar  to  it,  but  exists,  more 
or  less  distinctly  marked,  as  a  normal  feature  in  other  genera.  The 
anterior  represents  the  cervical  sulcus,  and  the  posterior  that  which 
separates  the  meso-  and  metabranchial  lobes.  This  latter  sulcus  is 
interrupted  by  the  intervention  of  the  cardiac  lobe,  as  is  accurately 
represented  in  Bell's  figure  (pi.  i,  fig.  14).  Bell  mentions  that  it 
is  almost  obsolete  in  many  specimens  of  D.  Carteriana. 

Diaulax  Cabteriana,  Bell. 

1863.  Bell,  Monogr.  pt.  ii,  p.  6  &  pi.  i,  figs.  14-16. 

Supplementary. — Carapace  approximately  hexagonal  in  outline ; 
nearly  half  as  high  as  wide ;  considerably  convex  longitudinally  in 
the  young,  less  so  in  the  adult  stage.  Orbito-frontal  border  as  wide 
as  the  carapace  is  long.  Boetrum  slightly  produced,  pointed,  broadly 
triangular,  with  a  median  longitudinal  depression.  Orbits  obliquely 
oval,  occupying  the  outer  fourth  of  the  orbito-frontal  border;  a 
shallow  notch  in  both  the  upper  and  lower  margins.  Ophthalmic 
peduncle  constricted  and  granulated.  Antero-lateral  margin  tren- 
chant, meeting  the  thickened  oblique  postero-lateral  at  a  considerable 
angle.  Posterior  margin  not  so  wide  as  the  orbito-frontal.  Epi- 
branchial  lobe  tectiform,  its  outer  portion  forming  the  lateral  angle. 

c2 
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Fterygostomate  region  large,  grantilated.  Buccal  orifice  slightly 
narrowed  posteriorly.  Sternum  nearly  twice  as  long  as  wide. 
Epistemum  acutely  pointed.  Chela)  equal,  about  one-eighth  shorter 
than  the  carapace.  Dorsum  of  the  hand  considerably  convex, 
covered  by  smdl  tubercles  of  various  sizes,  by  the  removal  of  which 
the  surface  may  be  rendered  pitted  or  reticulate ;  palm  flattened  ; 
fingers  short,  a  third  of  the  length  of  the  hand ;  fixed  finger  reflexed; 
caxpopodite  with  a  few  coarse  tubercles.  Meropodite  large,  upper 
face  convex ;  lower  face  flattened ;  posterior  border  with  a  few 
tubercles.     Width  of  carapace  =  1 5  to  24  mm. 

BemarJcs, — Dr.  Woodward  regards  the  Gault  form  as  a  distinct 
species,  and  has  named  it  Z>.  feliceps.  It  is  of  smaller  size  than 
D.  Carteriana,  but  I  do  not  recognize  any  characters  by  which  it 
can  be  distinguished. 

Distribution. — Rare  in  the  Gault  of  Folkestone.  In  the  Cambridge 
Greensand  it  is  less  rare  than  was  supposed  by  Bell.  I  have 
upwards  of  thirty  specimens  of  the  carapace  in  my  collection,  and 
others  are  in  the  British  Museum,  the  Museum  of  Practical  Geology, 
and  the  museums  of  York  and  Folkestone. 

DiAXTLAX  OWENI  (BcU). 
1850.  Platypodia  Choeni,  Bell,  in  Dixon,  'Geol.  Sussex,'  p.  346  A  pi.  xxxviii,*  fig.  9. 

Supplementary, — Bell  flgured  a  carapace,  from  the  Chalk,  which 
he  regarded  as  that  of  a  species  of  Platypodia^  but  he  did  not 
describe  it ;  and,  so  far  as  I  can  ascertain,  no  description  of  the  form 
has  yet  been  published.  Specimens,  evidently  of  the  same  species, 
are  in  the  British  and  Woodwardian  Museums,  but,  unfortunately, 
they  are  not  sufficiently  well  preserved  to  admit  of  specific  descrip- 
tion. They  are  clearly  referable  to  the  genus  Diaulax^  and  closely 
resemble  and  may  even  be  identical  with  D.  Carteriana,  but  the 
carapace  is  of  considerably  larger  size  than  in  the  last-mentioned 
species. 

Distribution, — Lower  Chalk  of  Maidstone  (Woodwardian  Museum), 
Chalk  of  Dover  (British  Museum). 

DiAULAX,  sp. 

A  single  specimen  of  a  carapace  of  a  small  species  of  Diavlax  is 
too  imperfect  for  specific  description.  It  is  of  interest  as  showing 
the  existence  of  the  genus  in  the  Tertiarj^  period.  Size  of  carapace : 
width  =  14  mm. ;  length  =  10  mm. 

Distribution, — Middle  Headon  of  Whitecliff  Bay  (Woodwardian 
Museum). 

Genus  Ctphokotus,  Bell. 

Cyphonotus  incertus,  Bell. 

1863.  Bell,  Monogr.  pt.  ii,  p.  8  &  pi.  i,  figs.  17-19. 

Supplementary. — The  epigastric  and  mesogastric  are  the  only 
cephalic  lobes  which  are  separately  definable.  The  scapular  lobes 
are  more  readily  distinguishable.     The  transverse  sulcus  between 
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the  urogastric  and  cardiac  lobes  is  usually  sharply  marked.  The 
granulation  of  the  surface  of  the  carapace  is  remarkable ;  the 
summit  of  each  granule  is  excavated  and  holds  a  minute  central 
papilla.  The  pterygostome  is  regularly  and  minutely  granulated. 
The  epistome  is  slender,  minutely  granular,  and  has  a  median  con- 
dyloid tubercle  on  the  anterior  border  which  meets  the  apex  of  the 
depressed  rostrum. 

Remarhs, — ^The  carapace  is  the  only  portion  known  to  me.  I 
have  examined  twelve  or  fourteen  specimens,  of  which  two  are  in  the 
British  Museum,  and  six  in  my  own  collection.  A  single  carapace 
from  the  Chloritic  Marl  of  Chard  is  in  the  Woodwardian  Museum. 

A  Tertiary  species,  described  by  Bittner.  as  Dromia  Hilarionii^^ 
bears  considerable  resemblance  to  Cyphonotus  incertus ;  both  forms 
appear  to  be  distinctly  referable  to  the  same  genus. 

Genus  Plaoiophthalmus,  Bell. 
Plaqiophthalmus  ovifokmis,  Bell. 

1863.  Bell,  Mouo^.  pt.  ii,  p.  9  &  pi.  ii,  figs.  1-3. 

1876.  Frosopon  ovi/ormu,  Tribolet,  BulL  Soc.  g^l.  France,  ser.  3,  vol.  iii,  p.  457. 

Supplementary, — ^The  details,  both  generic  and  specific,  which 
Bell  has  given  us  to  the  characters  and  conformation  of  the  orbits 
Are  probably  inaccurate.  I  apprehend  that  this  pretty  little  crus- 
tacean was  far  more  comely  of  feature  than  Prof.  Bell  recognized. 
Careful  examination  of  the  specimens  io  the  British  Museum 
(Cunnington  Collection),  which  the  distinguished  author  figured  and 
described,  leads  me  to  regard  the  small  irregular  depressions  '  in  the 
substance  of  the  carapace,'  observable  in  one  only  of  the  specimens, 
as  really  not  the  orbits  but  as  accidental  fractures.  Large  oval 
depressions  occupying  the  outer  thirds  of  the  orbito-frontal  border, 
as  the  artist  has  faintly  but  accurately  represented  in  Bell's  fig.  2 
(pi.  ii),  are  traceable  in  most  of  the  specimens,  and  probably  indicate 
the  true  orbits.  If  this  determination  should  be  confirmed  by  the  dis- 
covery of  better-preserved  examples,  the  generic  name,  as  indicating 
squint,  or  oblique  vision,  would  be  literally  inapplicable. 

Bell's  figures  (pi.  ii)  are  enlarged  to  1^  natural  size. 

Tribolet  refers  this  species  to  the  genus  Prosopon,  but  probably  a 
reference  to  the  subgenus  Pithonoton  would  be  more  accurate. 

DistribiUion, — Upper  Greensand,  Warminster. 

Genus  Homolopsib,  Bell. 
HoMOLOPsis  Edwabdsh,  Bell.    (PL  I,  fig.  4.) 

1863.  Bell,  Monogr.  pt.  ii,  p.  23  A  pi.  v,  figs.  1  &  2. 

Supplementary. — Carapace  slightly  convex  dorsally ;  quadrate  in 
general  outline  and  also  in  transverse  section.  The  height  of  the 
carapace  is  equal  to  half  its  width.  The  granules  upon  the  surface 
are  irregular  both  in  size  and  disposition.  Rostrum  broadly  promi- 
nent.    Orbito-frontal  region  half  as  wide  as  the  carapace.     Epi- 

1  Denksohr.  k.  Akad.  Wiaaensoh.  Wien,  toL  xIti  (1883)  p.  306  &  pi.  i,  fig.  5. 
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branchial  process  remarkably  prominent;  postero-lateral  margin 
thick.  Most  of  the  areolar  tubercles  become  more  or  less  obliterated 
in  aged  individuals.  The  normal  re^ons  are  distinctly  defined  in 
young  specimens,  but  become  gradually  confluent  as  growth  advances. 
Epistome  equilaterally  triangular,  granulated,  larger  than  the 
endostome.  Eemale  abdomen  broadly  lanceolate ;  all  the  segments 
distinct ;  surface  minutely  punctate ;  chelae  rather  small ;  propodite 
as  long  as  the  orbito-frontdl  mai^in  is  wide ;  meropodite  as  long  as 
the  carapace,  slightly  granulated  and  sulcated  longitudinally ;  car- 
podite  cuboid ;  hand  about  twice  as  long  as  wide,  oval  in  transverse 
section ;  fingers  slender,  as  long  as  (or  longer  than)  the  hand.  All 
the  ambulatory  limbs  are  well-developed  ;  the  meropodite  is  as  long 
as  the  carapace,  angular,  granulated,  and  spinulose  on  both  borders* 
Length  of  carapace  =  8  to  25  mm. ;  average  adult  size  =  20  mnu 

Remarks, — Several  obvious  mistakes  occur  in  Bell's  description 
of  this  species.  It  is  one  of  the  most  variable  of  brachyurous  forms. 
Specimens  differ  considerably  according  to  age,  rendering  specific 
description  exceptionally  difficult ;  the  Gault  examples  at  first  sight 
appear  to  differ  much  in  general  aspect — particularly  old  individuals 
— from  the  Cambridge  Greensand  form;  the  difference,  however, 
arises  almost  entirely  from  the  degree  to  which  the  system  of  areolar 
tubercles  on  the  cephalic  area  and  the  processes  upon  the  lateral 
margin  are  developed.  The  carapace  of  a  specimen  in  the  British 
Museum,  from  the  Gault,  near  Aylesford  (no.  51210),  is  nearly 
even — the  areolar  tubercles  and  the  prominences  characteristic  of 
the  species  being  so  indistinctly  expressed  as  to  suggest  that  it  may 
be  a  distinct  form.  It  would  be  of  interest  to  examine  other 
examples  from  this  locality. 

As  usually  found  most  specimens  have  a  fracture  on  one  or  both 
sides,  extending  from  the  orbit  towards  the  posterior  border, 
probably  the  result  of  pressure  upon  the  highly- vaulted  carapace ; 
not  unfrequently  the  lateral  portions  are  completely  broken  away, 
and  the  central  portion  only,  showing  the  median  lobes,  is  preserved. 
Bell  has  alluded  to  the  close  resemblance  of  this  species  to  Dromilites 
LamarcJcii,  from,  the  London  Clay,  which  is  very  marked  in  old 
individuals. 

Distribution, — Gault  and  Cambridge  Greensand.  Specimens  are 
in  the  British  Museum,  Museum  of  Practical  Geology,  Woodwardian 
Museum,  and  my  own  collection. 

HOMOLOPSIS  DBPBESSA,  Sp.  UOV.      (PI.  I,  1^^,  5.) 

J^Mcrtp^ion.— Carapace  approximately  hexagonal  in  outline,  flat- 
tened dorsally.  Bostral  portion  of  the  orbi to-frontal  border  prominent. 
An  undulating  cervical  sulcus  crosses  the  carapace  about  midway 
between  the  anterior  and  posterior  borders.  Most  of  the  normal 
cephalic  regions  are  indistinctly  defined ;  those  of  the  scapular  area 
are  more  distinctly  marked.  The  dorsal  surface  is  minutely  granu- 
lated throughout,  but  the  areolar  tubercles  are  obsolete,  except  twa 
of  small  size,  with  granulated  summits  on  the  metagastric  lobes. 
The  orbits    are  large,   shallow  depressions,  with  sharp  irregular 
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margins,  opening  forward  and  outward,  and  occnpying  the  outer 
thirds  of  the  orbito-frontal  border.  Most  of  the  other  characters 
correspond  with  those  of  H,  Edwarchii.  Length  of  carapace  =  10 
to  16  mm. 

Affinities, — ^This  species  is  readily  distinguished  from  ff.  Edwardsii 
by  the  smaller  size  and  more  compressed  form  of  the  carapace,  the 
absence  of  areolar  tubercles,  the  much  smaller  branchial  lateral 
process,  and  by  the  situation  and  direction  of  the  cervical  sulcus. 

DistribuUon. — Cambridge  Greensand  and  Gault  of  Folkestone.  I 
have  three  specimens  in  my  collection  from  the  Cambridge  Green- 
sand,  and  one  from  the  Gault  of  Folkestone;  the  latter  agrees 
precisely  with  a  specimen  in  the  British  Museum  labelled  '  Sheppey  * 
(Gainer  Coll.  No.  59811), 

Genus  Gokiochsle,  Bell. 

GOKIOCHELE  ANOULATA,  Bell.      (PI.  I,  fig.  6.) 
1868.  Bell,  Monogr.  pt.  i,  p.  26  &  pi.  iv,  figs.  8-9. 

Supplementary. — ^A  nearly  straight  row  of  five  areolar  tubercles 
crosses  the  cephalic  region  opposite  the  second  antero-lateral 
marginal  process.  In  many  specimens  the  longitudinal  striation  of 
the  urogastric  lobe  is  not  observable.  Penultimate  segment  of  the 
female  abdomen  twice  longer  than  any  of  the  anterior  segments, 
resembling  in  this  character  the  abdomen  of  Xanthopsis  and  some 
other  genera.  Sternal  plastron  broadly  ovate,  two-fifths  the  width 
of  the  carapace.  Epistemum  considerably  longer  than  wide,  much 
produced,  pointed,  minutely  granulated. 

Distribution,  —  Specimens  from  the  London  Clay  are  in  the 
Woodwardian  Museum,  the  Museum  of  Practical  Geology,  the 
Ipswich  and  Warwick  Museums,  etc.  Specimens  from  the  Ked 
Crag  (derivative)  are  in  the  Woodwardian  and  Ipswich  Museums. 

Family  Rauinoidea. 
Genus  RANurA,  Lamarck. 

The  characters  of  the  genus  Eanina,  established  by  Lamarck  in 
1801,  are  well  marked  and  recognizable.  The  general  form  of  the 
carapace  is  indicated  by  the  figure  here  given  (PI.  I,  fig.  7).  The 
orbito-frontal  border  is  remarkably  wide;  the  dorsal  surface  in 
most  of  the  species  is  singularly  sculptured  by  numerous  trans- 
verse, minutely  serrated  markings,  or  is  finely  stippled.  The 
sternum  is  peculiar  in  conformation;  the  epistemum  is  widely 
trifid,  and  the  posterior  portion  is  narrow — almost  linear. 

The  genus  is  represented  by  living  species  and  by  18  or  20 
extinct  forms  from  the  foreign  Tertiary  and  Cretaceous  beds,  but  I 
am  not  aware  that  the  occurrence  of  any  representative  of  it  in 
the  British  rocks  has  been  recorded  hitherto.  A  valuable  history 
of  the  genus  and  full  notice  of  the  fossil  s^iecies  is  published  by 
Beuss.^ 

^  '  Zur  Kenntnias  foss.  Krabben/  Denksohr.  k.  Akad.  Wissensoh.  Wien,  toL  rrii 
(1859)  p.  19. 
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Baninoy  as  defined  by  Lamarck,  bas  been  divided  by  Brocchi 
into  the  subgenera  Banina  proper,  Raninella^  and  Palceonoiopus. 

'   Kanina  (Raninella  ?)  ATAVA,  sp.  nov.    (PI.  I,  ^g,  7.) 

Description, — Carapace  about  a  fourth  longer  than  wide,  mode- 
rately convex  transversely ;  in  outline  elongate-ovoid.  Width  of 
orbito-frontal  border  equd  to  half  that  of  the  carapace.  Buccal 
orifice  large,  two-fifths  of  the  carapace  in  length.  External 
raaxillipeds  correspondingly  elongated,  supported  upon  large  basal 
segments.  Anterior  portion  of  sternum  widely  trifid,  largely 
excavated  laterally  for  the  insertion  of  the  chelae ;  posterior  portion 
rapidly  reduced  in  width  so  as  to  become  linear.  Length  of 
carapace  =  nearly  50  mm. ;  width  =38  mm. 

Distribution, — The  only  8]>ecimen8  known  to  me  are : — One  in 
the  Brighton  Museum  (G,  2329  Willett  Coll.),  from  the  Upper 
Greensand  of  Chute  Farm,  Wiltshire ;  and  another  in  the  British 
Museum  (No.  5U527,  Cunnington  Coll.),  also  from  the  Upper 
Greensand  of  Wiltshire. 

Family  Oxystomata. 
Genus  Pal^ocortstes,  Bell. 
Pal^ocortstes  Nurmani,  Bell. 

1863.  Bell,  Monogr.  pt.  ii,  p.  16  &  pi.  iii,  figs.  10-12. 

This  form  appears  to  have  verj'  slender  claim  to  specific  dis-* 
ti notion  ;  it  occurs  only  in  the  Chalk,  and  can  scarcely  be  regarded  as 
other  than  a  robust,  vigorously-grown,  variety  of  P.  ^tol-esi.  Nearly 
all  the  Crustacea  which  are  common  to  the  Chalk,  and  Upper  Green- 
sand attain  fuller  development  in  the  former  than  in  the  latter 
rock.  The  type  is  in  the  Woodwaidian  Museum  (Lcckenby  Coll.) ; 
four  other  specimens  from  the  Grey  Chalk  of  Dover  are  in  the 
British  Museum. 

PAXJEOcoRrsTEs  SxoKEsii  (Mantcll).     (PI.  I,  fig.  ><.) 

1863.  Bell,  Monopr.  pt.  ii,  p.  15  &  pL  iii,  figs.  1-0. 

Supplementary, — The  small  lateral  teeth  upon  the  rostrum,  to 
which  Bell  refers,  are  seldom  observable.  The  gastric  lobes  are 
indistinctly  defined.  The  base  of  the  mesogastric  lobe  in  Gault 
examples  bears  a  single  areolar  tubercle,  but  the  Greensand  form 
bears  three  or  four.  The  posterior  border  is  slightly  narrower  than 
the  orbito-frontal.  The  orbits  have  a  single  fissure  in  the  lower 
border  and  two  in  the  upper.  The  sides  of  the  buccal  opening  are 
curved.  The  epistemum  is  unusually  small,  and  pentagonal  in 
shape.  A  solitary  specimen,  in  the  Woodwardian  Museum,  of  a 
detached  propodite  which  may  almost  certainly  be  referred  to  this 
species  suggests  the  probability  that  in  the  fossil  form — as  in  its 
living  representative  Corystes  Cassivelanus — the  first  pair  of  limbs 
was  much  longer  in  the  male  than  in  the  female.  I  have  not, 
however,  met  with  a  male  carapace  having  the  chel©  intact. 
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In  Gault  specimens  the  marginal  processes  and  the  areolar 
tubercles  are  more  or  less  pointed,  but  in  Greensand  examples  they 
Are  obtuse.  Specimens  having  the  branchial  region  on  one  or  both 
fiides  rendered  tumid  by  parasitic  infestation  are  of  frequent 
occurrence. 

Additianal  LocaliHes,— Lower  Chalk,  Dover  (British  Museum, 
No.  1,  2011).  Gault  of  Puttenham  (Woodwardian  Museum). 
Upper  Greensand  of  Lyme  Eegis. 

Genus  EucoRysxEs,  Bell. 
EucoKYSTKS  Brodebipii  (Mantcll). 

1863.  Paheocori/stes  Broderipii^  Bell,  Monogr.  pt.  ii,  p.  14  &  pi.  ii,  figs.  8-13. 

Supplementary,  —  The  armature  of  the  antero-lateral  border 
varies  considerably  in  degree  of  development,  the  processes  being 
prolonged  in  some  specimens  into  acute  spines.  The  chelse  re- 
semble those  of  E,  Carteri,  but  are  larger  and  the  fingers  are 
relatively  longer.  The  hand  is  about  as  wide  as  long ;  the  dorsum 
smooth ;  both  borders  have  a  few  teeth ;  the  outer  border  of  the 
4]actylopodite  is  Hat  and  has  marginal  ridges,  that  on  the  palmar 
«dge  being  toothed.  Carpopodite  tuberculate  or  spinulose.  Bell 
has  described  the  ambulatory  legs  as  '  nearly  cylindrical ' ;  but  speci- 
mens in  my  own  and  other  collections  show  them  to  be  of  large 
size  and  much  compressed,  both  borders  being  sharply  spinulose. 

Length  of  carapace  =  ii)  to  38  mm. 

Remarks, — The  characters  which  Bell  assigned  to  his  genus  Euco- 
rysLes  apply  so  precisely  to  E,  Broderipii  that  I  do  not  hesitate,  not- 
withstanding the  remarks  of  that  experienced  author,  to  transfer  this 
species  from  the  genus  Palcuocorystes  to  Eucorystes,  The  specific 
alliance  between  E,  CarieH  and  E,  Broderipii  is  very  close.  The 
feature  which  especially  distinguishes  them  is  the  series  of  singular 
lii<ulate  markings  which  occur  on  the  cephalic  area  of  E.  Carteri^ 
but  are  entirely  absent  in  E,  Broderipii,  The  orbito-firontal  border 
is  relatively  narrower,  but  in  other  characters  the  two  species 
correspond  so  precisely  as  even  to  suggest  the  probability  that  they 
may  be  local  varieties  of  the  same  form,  characterized  by  the 
difference  of  surface-features. 

Distribution, — E,  Broderipii  is  peculiar  to  the  Gault.  Specimens 
are  in  the  British  Museum,  the  Museum  of  Practical  Geology,  the 
Woodwardian  and  York  Museums,  and  my  own  collection. 

EucoBYSTEs  Cakteri  (M'Coy). 

1863.  Bell,  Monogr.  pt.  ii,  p.  17,  pi.  ii,  figs.  14-17  &  pi.  xi,  fig.  16. 

Supplementary, — Kostrum  bifid  or  rendered  trifid  by  a  prolonga- 
tion of  the  slender  process  of  the  mesogastric  lobe.  Orbi  to -frontal 
border  equal  to  two-thirds  the  length  of  the  carapace.  In  many 
specimens  the  cervical  sulcus  is  interrupted  in  the  middle — the 
lateral  portions  terminating  at  minute  puncta  between  the  meso- 
and  urogastric  lobes.  Mesogastric  lobe  divided  posteriorly  into 
two  lobules.     Buccal  opening  rather  narrow  in  front ;  sides  slightly 
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curved.  External  maxillipeds  slender ;  exopodite  and  endopodite 
nearly  equal  in  width ;  meros  of  the  endopodite  elongated,  two- 
thirds  as  long  as  the  isdiios.  ChelaB  of  moderate  size ;  meros  sub- 
terete,  granulate,  dentate  on  both  borders;  carpus  cuboid;  hand 
compressed,  rather  longer  than  wide,  both  borders  somewhat  tren- 
chant and  serrated  by  several  teeth.  The  chelae  correspond  closely 
with  those  of  E.  Broderipii,  Abdomen  seven-jointed ;  penultimate 
segment  twice  as  long  as  the  fifth.  Telson  rounded  at  its  extremity, 
rather  longer  than  wide.  Length  of  carapace  =15  to  35  mm.;, 
length  of  average  adult  =25  mm. 

MemarJcs. — I  have  examined  upwards  of  200  specimens  of  thifr 
species,  all  of  which  were  obtained  from  the  Cambridge  Greensand.- 
I  am  not  aware  that  it  has  been  found  elsewhere. 

M'Coy  regarded  the  peculiar  series  of  strap-shaped  markings  on 
the  surface  of  the  carapace  as  representing  the  normal  dorsal 
lobes ;  but  Bell  does  not  assent  to  this  opinion.  I  would  suggest  it  a» 
probable  that  they  are  modifications  produced  by  the  confluence 
or  expansion  of  prominences  which  occur  in  the  form  of  areolar 
tubercles  in  Necrocarcinus,  Campylostoma^  and  other  genera.  Thia 
interpretation  of  their  morphological  significance  is  suggested  by  a 
specimen  in  my  own  collection  figured  by  Bell  (pL  xi,  ^g,  16) 
which  has  three  elevated  lobes  on  the  scapular  region,  similar  to 
those  on  the  cephalic  area :  in  this  respect  corresponding  precisely 
with  the  position  normally  occupied  by  areolar  tubercles  in  other 
genera. 

DistrihuHcn. — Cambridge  Greensand.  Specimens  are  in  the 
British  Museum,  the  Museum  of  Practical  Geology,  the  "Wood- 
wardian,  York,  Glasgow,  Northampton,  Nottingham,  and  other 
Museums. 

Genus  Ctolocobtbtes,  Bell. 

CtCLOCOKTSTES  PULCHSLLX7S,  Bell. 

1868.  Bell,  Monop.  pt.  i,  p.  24  &  pi.  iv,  figs.  1  &  2. 

1863-64.  NecroxiuB  Bowerbankiif  Milne-Edwards,  Ann.  Sd.  Nat.  ler.  4,  vol.  xx 
(1863)  pi.  xii,  fig.  2 ;  ser.  6,  vol.  i  (1864)  p.  68. 

1867.  Necroziut  Botoerbankii,  Milne-Edwards,  Geol.  Mag.  p.  631  &  pL  xxi,. 
figs.  2  &  3. 

Supplementary, — Carapace  rotundo-quadrate  in  outline,  deflexed 
in  front,  rather  wider  than  long.  Orbito-frontal  border  equal  to  three- 
fifths  of  the  width  of  the  carapace,  nearly  straight.  Granules  on 
the  dorsal  surface  uniform  in  size  and  regular  in  disposition  ;  inter- 
spaces  very  minutely  punctated  (seen  with  a  lens).  Most  of  the 
normal  cephalic  and  scapular  lobes  distinct,  separated  by  unusually 
wide  smooth  sulci ;  central  portion  of  each  lobe  granulated,  basal 
portion  smooth.  Orbits  rather  small,  with  granulated  edges ;  two 
distinct  fissures  in  the  upper  and  one  in  the  lower  border.  Antero- 
lateraJ  border  with  two  or  three  slightly-produced  processes,  which 
have  granulated  summits  and  are  surrounded  at  the  base  by  a 
smooth  space.  Posterior  border  delicately  and  regularly  granulated. 
Abdomen,  in  the  male,  seven-jointed,  rapidly  tapering  to  a  small 
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triangular  telson.  ChelsB  strong,  very  unequal  in  size ;  meropodite 
robust,  expanding  rapidly  towards  the  distal  end,  which  is  nearly  as 
wide  as  the  joint  is  long,  is  circumscribed  by  a  distinct  sulcus,  and 
has  the  upper  border  prolonged  into  a  stout  spine ;  hand  as  long 
as  the  carapace  is  wide,  and  a  third  longer  than  wide,  oval  in 
section ;  dorsum  smooth.  Eingers  nearly  as  long  as  the  hand, 
prehensile  borders  with  several  blunt  teeth.  Posterior  pairs  of 
limbs  slender,  and  nearly  equal  in  size.  Bell  and  Milne-Edwards 
describe  the  orbits  as  being  without  marginal  fissures ;  but  a 
specimen  in  the  Woodwardian  and  another  in  the  British  Museum 
(No.  59218)  show  distinctly  the  characters  which  I  have  described  ; 
probably  these  notches  become  obliterated  by  age. 

Remarkg, — In  1865  Milne-Edwards  figured  and  described  a 
species  from  the  London  Clay  of  Sheppey,  which  he  named 
Necrozius  Bowerbankit.  In  1867  Dr.  Woodward  discovered  a  speci- 
men in  the  British  Museum  (No.  59400),  from  the  London  Clay 
of  HoUoway,  which  he  recognized  as  the  form  described  by  Milne- 
Edwards;  and  he  afterwards  published  an  excellent  description 
and  an  enlarged  figure  of  it  in  the  '  Geological  Magazine,'  with 
remarks  on  its  generic  alliance.  Subsequent  examination  of  this 
and  other  specimens,  however,  has  convinced  me  that  the  species 
described  by  Milne-Edwards  is  identical  with  that  previously 
determined  by  Bell  and  named  Cyclocorystes  pulchelltis. 

Distribution, — The  specimen  figured  by  Bell  is  in  the  British 
Museum  (No.  59101),  as  also  four  others  from  the  London  Clay  of 
Sheppey ;  also  a  carapace  from  '  Copenhagen  House '  which  is 
29  mm.  wide.  A.  nearly  perfect  example  from  the  London  Clay  of 
Clacton  is  in  the  Woodwardian  Museum.  Specimens  from  the 
Crag  (derived  from  the  London  Clay)  are  in  the  Woodwardian  and 
Ipswich  Museums. 

Genus  Neobocabcinus,  Bell. 

NBCBOOABCiNirs  Beohbi  (Deslongchamps).     (PI.  I,  fig.  9.) 

1863.  Bell,  MoDOgr.  pt.  ii,  p.  20  A  pi.  iv,  figs.  4-8. 

Supplementary, — The  armature  of  the  antero-lateral  border  of 
the  carapace  is  irregularly  expressed ;  small  tubercles  not  un- 
frequently  occur  on  the  postero-lateral  border.  The  dorsum  bears 
16  or  18  areolar  tubercles,  those  on  the  lateral  gastric  and  the 
hepatic  lobes  forming  an  undulating  row  (in  N,  Woodwardii  these 
tubercles  are  arranged  in  a  straight  line).  The  normal  interruption 
of  the  cervical  sulcus,  and  the  minute  puncta  between  the  meso-  and 
nrogastric  lobes,  indicating  the  attachment  of  gastric  muscles,  are 
well  marked  in  this  species.  Orbits  approximate,  oval,  widely  open 
inwardly,  directed  obliquely  upward  ;  two  notches  in  the  upper  and 
one  in  the  lower  margin.  Endopodite  of  external  maxillipeds 
slightly  wider  than  the  exopodite.  The  abdomen,  which  is  seldom 
preserved,  is  seven-jointed ;  in  the  first  5  segments  the  mesonotum 
is  raised  into  a  sharp  transverse  rib ;  the  penultimate  segment  is 
twice  as  long  as  that  preceding  it.     The  abdomen  of  the  female  is 
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half  as  wide  again  as  that  of  the  male.  The  chelsD  are  of  moderate 
and  equal  size ;  meropodite  compressed,  dorsal  surface  convex  and 
smooth  ;  anterior  border  rounded,  posterior  thin  ;  propodite  about  a 
fourth  longer  than  wide,  dorsum  highly  convex,  with  a  median 
longitudinal  row  of  three  tubercles  and  others  of  smaller  size  near 
each  of  the  borders  ;  palmar  surface  flat;  dngers  shorter  than  the 
hand;  outer  border  of  dactylopodite  flat,  edged  by  a  delicate, 
slightly  dentate  ridge  on  each  side ;  the  dentary  border  trenchant. 
Chel©  identical  in  form  with  those  of  N.  Woodwardiij  but  scarcely 
one-third  as  large. 

The  claw  which  Bell  has  figured  (pi.  v,  fig.  3)  certainly  cannot  be 
referred  to  this  species.  Specimens  having  the  branchial  region 
rendered  tumid  by  some  Bopyriform  parasite  are  of  frequent 
occurrence. 

Distribution, — ^Numerous  examples  from  the  Cambridge  Greensand 
are  in  the  Woodwardian,  British,  Jermyn  Street,  and  York  Museums, 
and  in  ray  own  collection.  It  occurs  sparingly  in  the  Upper  Green- 
sand  of  Warminster,  and  specimens  from  the  Gault  of  Puttenham 
are  in  the  Woodwardian  Museum. 

Necrocabcinus  tricarixaxvs,  Bull. 

1863.  Bell,  Mouogr.  pt.  ii,  p.  21  &  pi.  iv,  figs.  9-11. 

ISuppUinentaTry .  —  Carapace    approximately    hexagonal   in   out- 
line, a  fifth   wider  than   long  ;    surface  minutely  and  uniformly 
granulated.       Rostrum    prominent,    broadly    triangular    (with   a 
small  tooth  at  the  base   ou  each  side?).     Orbi to-frontal   border 
slightly  exceeding  half  the  greatest  width  of  the  carapace.     The 
antero-lateral  border  bears  four  or  five  rather  large  marginal  tuber- 
cles, the  last  of  which  terms  the  prominent  lateral  angle.    Postero- 
lateral border  neariy  straight.     Posterior  margin  not  quite  so  wide 
as  the  orbi  to-frontal.     The  areolar  tubercles  are  somewhat  smaller 
than  in  any  of  the  other  species ;  about  fourteeu  occur  on  the  dorsal 
sui  face,  and  a  series  of  five  or  seven  crosses  the  cephalic  area  trans- 
versely ;  those  upon  the  mesogastric  and  the  cardiac  lobes  form  a 
median  series,  and  a  lateral  row  of  three  occurs  upon  the  branchials. 
The  longitudinal  carina,  which   gives   the   specific   name,  is   in- 
distinctly  marked   in   many    specimens.     Orbits  large,  with  two 
notches  in  the  upper  and  a  large  one  in  the  lower  margin.     Fifbt 
pair  of  limbs : — meropodite  triangular  in  section,  with  acute  spines 
ou  the  posterior  angle ;  carpopodite  about  as  long  as  wide,  tuber- 
culated  ;  hand  two-thirds  of  the  width  of  the  carapace  in  length  ;  a 
double  row  of  spines  runs  along  the  border  and  terminates  at  the 
base  of  the  fixed  finger,  and  a  single  row  occurs  on  the  dorsal 
surface ;    fingers  slender,  half   as  long   as   the  hand.     Length  of 
carapace  =  15  to  25  ram. 

Distribution, — Cambridge  Greensand  and  Gault  of  Folkestone. 
About  thirty  specimens  examined.  Gault  examples  are  in  the 
British,  Jermyn  Street,  and  Woodwardian  Museums. 
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Nbcrocabcintts  Woodwardii,  Bell.     (PI.  II,  fig.  1.) 

1863.  Bell,  Monogr.  pt.  ii,  p.  20  &  pi.  iv,  figa.  1-3. 

Supplementary. — The'  small  lateral  teeth  at  the  hase  of  the 
rostrum,  mentioned  by  Bell,  are  not  usually  observable.  The 
antero-lateral  border  bears  four  or  five  small  tubercles.  The  meso- 
gastric  lobe,  in  Gault  specimens  from  Folkestone,  bears  a  single 
areolar  tubercle,  whereas,  in  Cambridge  specimens,  three  or  five 
tubercles  occur  on  this  lobe. 

I  have  not  met  with  examples  of  this  species  in  which  the  chelae 
are  retained  in  situ ;  but  detached  propodites  of  large  size,  which  I 
do  not  hesitate  to  regard  as  those  of  large  specimens  of  N,  Wood- 
wardii, are  frequently  found  in  the  Cambridge  Groensand.  Except 
that  they  are  twice  or  thrice  larger,  they  precisely  resemble  the  chelae 
of  N.  Bechei ;  but  I  have  no  evidence  that  that  species  ever  attains 
80  large  a  size  as  its  congener.  The  two  forms,  however,  have  in  all 
other  characters  a  close  correspondence.  In  these  large  Cambridge 
specimens  the  hand  is  robust,  slightly  compressed,  and  rather 
longer  than  wide ;  the  dorsal  surface  bears  a  median  series  of  three 
equidistant  tubercles,  and  a  double  row  of  smaller  size  on  both 
borders,  frequently  with  a  few  others  between  these  lateral  rows ; 
the  palmar  surface  is  very  slightly  convex ;  the  outer  border  of  the 
dactylopodite  is  flattened,  and  is  bounded  by  a  slender,  slightly 
denticulated  ridge ;  the  dentary  border  is  trenchant. 

The  chela  which  Bell  figured  (pi.  v,  ^g,  4)  as  that  of  N.  Wood- 
wardii certainly  does  not  belong  to  that  species,  nor,  I  apprehend, 
do  the  other  portions  figured  in  the  same  plate  (figs.  5,6&  7).  The 
chela  is  probably  that  of  a  new  species. 

This  species  may  be  distinguished  from  N,  Bechei  by  having  a 
large  number  of  areolar  tubercles — of  which  three  or  five  are  placed 
upon  the  mesogastric  lobe — and  by  having  those  on  the  cephalic 
region  placed  in  an  almost  straight  transverse  row,  whereas  in 
N.  Bechei  they  assume  an  undulating  arrangement.  Specimens 
from  the  Chalk  generally  attain  a  considerably  lai^er  size  than 
those  from  the  Gault  or  Greensand  :  a  specimen  in  the  Wood- 
wardian  Museum  from  the  Chalk  Marl  of  Cherry  Hinton  is  more 
than  60  mm.  wide.  Width  of  Gault  specimens  =  8  to  24  mm. 
Width  of  Greensand  specimens =25  to  50  mm. 

Distribution, — Tolerably  abundant  in  the  Gault  of  Folkestone  and 
in  the  Cambridge  Greensand.  Examples  occur  in  the  British  and 
Jermyn  Street,  Woodwardian,  Folkestone,  York,  and  other  Museums. 

Genus  Osithopsib,  Carter. 
Orithopsis  Bonnbti,  Carter. 

1868.  Necrocareinus  triearifMtiu,  H.  Woodward,  Geol.  Mag.  p.  269  A  pi.  xiv- 
fig.  4. 
1872.  OrithopM  Boimeyi,  J.  Carter,  Geol.  Mag.  p.  629  A  pi.  xiii,  fig.  1. 

Description, — Carapace  rather  wider  than  long,  considerably 
arched  transversely,  less  so  longitudinally ;  dorsal  surface  minutely 
granulated,   and  still  more  minutely  punctated.     Orbito-f rental 
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region  rather  less  than  half  the  greatest  width  of  the  carapace. 
Rostroxn  widely  bifid,  with  elongated  lateral  spines.  Orbits  opening 
forward ;  upper  border  with  two  distinct  lob^,  which  are  separated 
from  each  other  by  a  deep  sinus  and  from  the  external  orbital  lobe 
by  a  sharp  fissure ;  external  angle  of  orbit  much  produced,  extending 
nearly  as  far  forward  as  the  rostral  spines.  The  antero-lateral 
border,  in  addition  to  the  external  orbital  spine,  bears  four  other 
well-dereloped  acute  processes.  Postero-lateral  margin  nearly 
straight,  inclining  inward  and  rendering  the  posterior  about  equid 
to  the  orbito-frontal  border.  A  distinct  sinuous  cervical  sulcus 
marks  off  the  anterior  third  of  the  dorsal  area  from  the  scapular 
portion.  Gastric  regions  obscurely  indicated.  Branchial  r^ons 
sharply  defined ;  the  epibranchial  terminates  about  midway  between 
the  margin  and  the  median  dorsal  ridge,  and  is  separated  from  the 
mesobranchial  lobe  by  an  undulating  sulcus ;  a  similar  and  nearly 
parallel  groove — the  inner  half  of  which  is  obliquely  crossed  by  a 
series  of  interdigitations — divides  the  meso-  from  the  metabranchial 
lobes.  A  granulated  longitudinal  ridge,  slightly  inflected  in  the 
middle,  cannates  each  metabranchial  lobe,  and  a  median  carina 
extends  the  whole  length  of  the  carapace.  Of  the  faintly-marked 
areolar  tubercles,  two  occur  on  the  protogastric  and  three  or  four 
on  the  median  ridge.  Length  of  carapace =31  mm. ;  width  (not 
measuring  marginal  spines)  =  44  mm. 

Affinities. — In  general  form  this  species  closely  resembles  Necro- 
eareinus  tricarinatus,  but  it  differs  from  all  the  species  of  Necro- 
cardnuB  in  the  structure  of  the  rostrum  and  in  the  conformation 
of  the  orbital  regions,  as  also  by  the  greater  development  of  the 
spines  ^  of  these  antero-lateral  margins. 

The  characters  of  the  carapace  indicate  an  affinity,  as  Dr.  Wood- 
ward has  remarked,  rather  with  the  Portunidae  than  with  the 
Oorystidse.  The  orbito-frontal  characters  are  very  similar  to  those 
of  OAihyia ;  but  the  armature  of  the  antero-lateral  margin, 
especially  the  well-developed  metabranchial  spine,  approximates 
to  that  in  Matuta,  The  zoological  position  of  Orithopsis  appears 
to  lie  between  these  genera. 

Distribution. — Upper  Greensand,  Lyme  Regis,  and  (?)Tsle  of 
Wight ;  Qault  of  Folkestone.  I  have  seen  fifteen  specimens,  which 
are  preserved  in  the  British  Museum,  the  Museum  of  Practical 
Geology,  the  Woodwardian  Museum,  and  my  own  collection. 

Genus  Camptlostoma,  Bell. 
Cavptlostoiia  maiutipobms.  Bell. 

1868.  Bell,  Monogr.  pt.  i,  p.  23  &  pL  iii,  figs.  8-10. 

Supplementary, — Granules  occupy  the  sulci  and  obscure  the 
outline  of  the  normal  lobes.  Orbito-frontal  margin  nearly  equal  to 
half  the  width  of  the  carapace.  Orbits  large,  transversely  oval, 
opening  obliquely  upward ;  the  margin  thin,  divided  into  flattened 

^  Thefe  are  more  ilender  than  repreaented  by  the  figure  in  the  (}eoL  Mag. 
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lobes  by  two  notches  in  the  npper  and  one  in  the  lower  portion.  A 
specimen  in  my  collection  has  an  elongated  ophthalmic  peduncle 
divided  by  slender  longitudinal  ridges  into  three  or  four  spaces, 
in  one  of  which  namerous  minute  corneal  facets  are  distinctly 
Tisible.  Pterygostomate  regions  steeply  inclined  and  minutely 
granulated. 

Bell's  figure  represents  the  marginal  orbital  lobes  as  pointed,  but 
in  a  well-preserved  specimen  in  my  collection  these  processes  exist 
as  flattened,  quadrate  lobes,  separated  by  distinct  parallel-sided 
fissures. 

Distribution. — London  Clay.  Specimens  are  in  the  Woodwardian 
and  Malton  Museums,  and  my  own  collection,  etc.  Derivative 
examples  occasionally  occur  in  the  Crag. 

Genus  Mithraoia,  Bell. 

MiTHRACLL  LIBINIOIDES,  Bell.      (PI.  II,  fig.  8.) 
1868.  Bell,  Monogr.  pt.  i,  p.  9  A  pi.  v,  figs.  10-12. 

Supplementary. — The  inflated  lobes  which  occupy  the  lateral 
portions  of  the  scapular  area  represent  the  confluent  meso-  and 
metabranchials.  Two  slight  eminences  occur  between  the  cardiac 
lobe  and  the  posterior  border  of  the  carapace.  The  characters  of 
the  limbs  have  yet  to  be  ascertained. 

Affinities. — This  species  is  readily  distinguishable  by  the  semi- 
globose  form  of  the  carapace,  and  by  the  sharp  definition  and  in- 
flation of  the  principal  dorsal  lobes.  The  surface-granules  are 
unusually  prominent. 

Mithrada  is  probably  represented  in  foreign  Tertiaries  by  the 
^nus  Micromaia^  Bittner.  There  is  a  general  resemblance  in  the 
character  of  the  carapace  of  these  genera,  but  they  difler  in  the 
conformation  of  the  6rbito-frontal  region,  the  rostrum  of  Micronuiia 
being  prominent  and  widely  bifid. 

IHstrihutian. — Of  this  rather  rare  species  there  are  eight  specimens 
in  the  British  Museum  and  two  in  the  Woodwardian  Museum,  all 
from  the  London  Clay  of  Sheppey. 

MlTHRACIA.  OBLITA,  Sp.  UOV.      (Fl.  II,  fig.  4.) 

Description. — Carapace  broadly  ovoid  in  outline,  rather  longer 
than  wide,  highly  vaulted  transversely,  strongly  deflexed  in  front. 
Bostrum  small,  entire.  Orbi to-frontal  border  equal  to  two-thirds 
the  length  of  the  carapace.  Posterior  border  slightly  wider  than 
the  orbito-frontal.  A  sharp  cervical  sulcus  indents  the  antero- 
lateral border,  crosses  the  carapace,  and  marks  off  the  cephalic 
region,  which  occupies  scarcely  the  anterior  third  of  the  dorsal 
area,  and  is  rendered  nodular  by  the  prominent  gastric  lobes.  The 
two  nodules  near  the  base  of  the  rostrum  represent  the  epigastric 
lobes ;  a  small  tubercle  intervenes  between  the  epigastric  and  the 
orbit ;  three  nodules  occur  upon  the  mesogastric,  and  one  on  each 
metagastric;   the  hepatic  lobe  is  very  small;   the  urogastric  is 
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unusually  large ;  cardiac  lobe  pentagonal,  and  slightly  elevated. 
A  deep  sulcus  extends  from  the  angles  of  the  cardiac  lobe  and  runs 
parallel  with  the  cervical  sulcus.  Epibranchial  lobe  piriform; 
inner  half  of  the  mesobranchial  bilobed  ;  metabranchials  large  and 
confluent  posteriorly.  The  whole  of  the  dorsal  surface  of  the 
carapace  bears  traces  of  depressed  tubercles  of  moderate  size. 
Orbits  small,  round,  four  diameters  apart.  Abdomen  of  the  female 
seven-jointed  (?) ;  each  segment  trilobed,  and  the  penultimate  the 
largest;  telson  rather  small.  limbs  and  other  appendages  un- 
determined. Length  of  carapace  =16  mm.  Width  (metabranohial)* 
sl5  mm. 

Affinities, — This  species  has  a  general  resemblance  to  M.  lihinioides 
of  the  London  Clay,  of  M'hich  it  is  probably  an  ancestral  form.  It 
is  of  smaller  size,  and  may  be  further  distinguished  from  that 
species  by  the  more  delicate  granulation  of  the  surface,  and  by  the 
nodulated  cephalic  area ;  the  hepatic  and  branchial  lobes  are  less 
inflated,  and  the  anterior  branchial  lobes  relatively  larger,  conse- 
quently the  space  between  the  cervical  and  transverse  branchial 
sulci  is  greater  than  in  M.  lihinioides.  The  granulation  of  the 
dorsal  surface  being  much  less  distinctly  mark^  than  in  M,  lihi- 
nioides renders  the  carapace  comparatively  smooth. 

Distribution. — Cambridge  Greensand. 

Genus  Mithracites,  Grould. 

Mtthra CITES  vectensis,  Gould. 

1859.  Gould,  Quart.  Jouru.  Geol.  Soc.  toI.  xv,  p.  237  &  figs.  1-5. 
1863.  Bell,  Monogr.  pt.  ii,  p.  1  &  pi.  i,  figs.  2  &  3. 

Supplementary, — Orbits  large,  shallow,  nearly  round,  twice  their 
diameter  apart,  directed  forward  and  slightly  upward.  The  eyes 
are  not  lodged  in  the  natural  orbits,  but  rest  in  slight  depressions 
behind  them.  Antero-lateral  margin  with  three  or  four  obtuse 
processes.  Scapular  area  rather  larger  than  the  cephalic;  the 
posterior  border  is  slightly  wider  than  the  orbito-frontal.  In  the 
early  stages  of  growth  the  whole  of  the  dorsal  surface  of  the  cara- 
pace bears  smsdl  granules,  two  or  three  diameters  apart,  which 
become  obsolete  with  age,  as  also  do  the  areolar  tubercles.  The 
disposition  of  the  areolar  tubercles  is  normal;  the  hepatic  and 
protogastric,  together  with  one  on  the  prolonged  tongue  of  the 
mesogastric,  form  a  transverse  row  upon  the  cephalic  area;  the 
base  of  the  mesogastric  lobe  has  one  or  three  tubercles  which  soon 
l>ecome  obsolete  ;  the  anterior  branchials  bear  one,  and  the  meta- 
branchials four;  the  summits  of  these  tubercles,  when  well- 
preserved,  are  granular.  The  epigastric  lobes  are  unusually  large, 
and  obliquely  elongated. 

The  female  abdomen  is  ovate,  and  the  s^ments  distinct ;  telson 
very  small,  triangular.  Chelte  equal  in  size ;  meropodite  with  a 
stout  spine  at  the  distal  end ;  length  of  propodite  equal  to  half 
the  width  of  the  carapace  ;  dorsum  of  hand  finely  granulated, 
strongly  convex ;  palm  flattened.      Fingers  rather  shorter  than  the 
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hand ;  on  the  sides  of  the  daotjlopodite  are  setigerous  pnnota,  and 
the  outer  horder  is  flat;  a  single  tooth  occurs  on  the  dentary 
border.  Length  of  carapace  =10  to  36  mm. ;  length  of  average 
adolt  8sl8  mm. 

Affinities, — The  more  ovate  form  of  the  carapace,  the  larger  and 
more  prominent  rostral  portion,  the  difference  in  the  number  and 
arrangement  of  the  areolar  tubercles  on  both  the  cephalic  and  the 
scapular  regions,  distinguish  this  species  from  Homolc^s  EdwardsH, 
some  of  the  several  forms  of  which  it  approximately  resembles. 
The  slight  depression,  which  apparently  peiformed  the  functions  of 
a  f&be  orbit,  is  a  character  which  occurs  in  Homolopeis  and  also  in 
the  recent  form  Homola,  Bell's  reference  to  an  alliance  of  the  genus 
with  MiihraXy  as  Dr.  "Woodward  has  remarked,  is  not  very  evident ; 
probably  Mithracites  may  be  more  correctly  placed  between  Hyof 
and  Midppe. 

Distribution, — Lower  Greensand.  There  are  twenty  specimens 
in  the  Woodwardian  Museum,  one  of  which  is  38  mm.  in  diameter ; 
others  occur  in  the  British  Museum  and  in  the  Museum  of  Practical 
Geology — all  coming  from  Ath'erfield,  Isle  of  Wight. 

Genus  Tbachtvotus,  BelL 
Tbaohtkotus  sulcattts,  Bell, 

1868.  Bell,  Monogr.  pt.  ii,  p.  2  &  pL  i,  fig.  1. 

Supplementary, — The  only  examples  of  this  species  known  to  me 
are  those  in  the  British  Museum  (Cunnington  Coll.)  described  and 
figured  at  twice  the  natural  size  by  Bell.  The  singular  transverse 
sulcation  of  the  scapular  area  is  more  strongly  expressed  in  the 
figure  than  in  the  specimen,  and  the  arrangement  of  the  sulci  is- 
not  quite  accurately  shown.  The  carapace  bears  a  general  resem- 
blance to  that  of  Dromiopsis  from  the  Faxo  Beds,  and  suggests  a 
phylogenetic  alliance  with  that  genus. 

Distribution, — Upper  Greensand,  "Wiltshire. 


Family  Cyclometopa. 
(i)   Subfamily  Fortanidse. 

Genus  Nieptuuvs,  de  Haan,  emend.  Milne-Edwards. 
NsPTUirus  VBOiENSis,  sp.  nov.     (PL  II,  fig.  2.) 

Description, — Carapace  about  a  fourth  wider  than  long,  slightly 
convex  transversely.  Interorbital  portion  of  the  frontal  margin 
straight,  slightly  prominent,  qnadridentate  (sex-dentate,  including 
the  internal  orbital  processes).  Orbits  large,  transversely  oval. 
Dorsal  surface  slightly  and  sparsely  granulated ;  the  normal  cephalic 
and  scapular  lobes  indistinctly  defined.  Sternal  plastron  broadly 
obovate,  half  as  wide  as  the  carapace,  minutely  punctated; 
epistemum  bearing  the  large  external  maxillipeds — three-fourths 
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the  length  of  the  sternal  plastron,  a  fifUi  wider  than  long,  slightly 
pointed  and  retroflezed.  Male  abdomen  wide  at  the  base,  tapering 
rapidly  to  a  small  triangular  telson ;  third,  fourth,  and  fifth  s^- 
ments  coalescent.  Third  joint  of  the  endopodite  of  the  external 
maxiUiped  thrice  as  long  as  wide  ;  exopodite  half  the  width  of  the 
endopodite.     Iambs  undetermined.    Width  of  carapace =2  inches. 

BemarJcs. — ^The  specimens  which  have  aflFbrded  the  forgoing 
scanty  detail  of  character  are  of  interest  because  they  constitute,  so 
far  as  I  know,  the  only  evidence  obtained  as  to  the  occurrence  of 
any  representative  of  the  genus  Neptunus  in  Britbh  rocks.  A 
considerable  number  of  species — some  twelve  or  fifteen — occur  in 
foreign  Tertiary  beds  and  have  been  described  by  Milne-Edwards 
and  hy  Stoliczka. 

Affinities, — All  the  species  are  characterized  by  having  a  series 
of  eight  or  ten  pointed  processes  upon  the  antero-latoral  margin,  the 
last  of  which  is  prolonged  into  a  long  spine.  The  British  examples, 
although  not  well-preserved,  are  dearly  referable  to  the  genus 
Neptunus.  The  characters  of  N.  veeUntis^  so  far  as  known,  doaely 
resemble  those  of  N.  Larteti,  Milne-Edw. 

Distribution. — Hamstead  Beds  (Corbuta-hed),  Hamstead,  Isle  of 
"Wight.    Two  specimens  are  in  the  Woodwardian  Museum. 

Genus  PoBTUKirBs,  Bell. 

POBTTTHITBS  DTCBBTA,  BdL 
186a  Bell,  Monogr.  pt.  i,  p.  21  &  pL  iii,  figs.  1-6. 

Supplementary. — ^The  dorsal  surface  of  the  carapace  is  smooth  or 
minutely  granulated.  Areolar  tuberdes  almost  obsolete.  I  have 
not  met  with  specimens  showing  the  retroflexion  of  the  last  pair  of 
legs  or  the  form  of  their  terminal  joint.  Average  width  of  adult 
carapaces  20  to  40  mm. ;  average  length=16  to  26  mm. 

In  stating  the  dimensions  BeU  acddentally  reversed  the  relative 
proportion  of  length  to  width. 

Affinities. — ^The  wide  orbito-frontal  border,  the  three  equally 
prominent  meso-  and  protogastric  lobes,  and  the  narrow,  arcuate, 
transverse  epibranchial  lobe  readily  distinguish  this  spedes.  It  is 
well  described  by  Milne-Edwards,  who  refers  to  the  zoological 
alliance  of  the  genus,  and  agrees  with  Bell  in  dassifying  it  with 
the  FortunidsB.  Beuss  described  a  species  from  the  London  Clay 
which  he  named  Leiochilus  Morrisi;  subsequently  he  considered 
Portunites  incerta,  BeU,  to  be  identical  with  this  species,  but  his 
description  and  figure  apply  so  much  more  dosely  to  the  form 
which  he  described  in  the  same  paper  as  Pseuderiphia  M^Coyi 
(ssXanihUites  Bowerhankii^BeD.)  than  to  Portunites  incerta  as  to 
suggest  the  probability  that  Leiochilus  Morrisi  may  be  a  variety  of 
the  former  of  these  species. 

Distribution. — London  Clay.  I  have  two  specimens  in  my  col- 
lection ;  another  from  the  Bed  Crag  (derivative)  is  in  the  Wood- 
wardian Museum. 
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Genua  Ehachioboma,  Woodward. 
^Rhaohiosoua  BiflPiNOsxm,  Woodward. 

1871.  Woodward,  Quart.  Joum.  G^l.  Soc  vol.  zxvii,  p.  91  &  pL  iv,  fig.  8. 
1873.  Woodward,  ibid,  vol.  xxix,  p.  26  A  pL  i,  figs.  1-6. 

Description, — Carapace  about  one-fourth  wider  than  long  (ex- 
cluding the  lateral  spines).  Orbito-frontal  border  rather  more 
than  a  third  the  width  of  the  carapace ;  the  interorbital  portion 
^uadridentate.  Rostrum  slightly  bifid.  Orbits  nearly  round,  with 
two  notches  in  the  upper  and  one  in  the  lower  margin.  Antero- 
lateral border  with  four  pointed  processes,  the  first  tl^ee  gradually 
increasing  in  size  ;  the  portion  of  the  border  between  them  flattened 
into  a  trenchant  edge  which  is  indented  by  a  sharp  deft;  the 
fourth,  or  epibranchisJ,  process  prolonged  into  a  spine,  the  length 
of  which,  in  some  specimens,  is  equal  to  half  the  width  of  the  cara- 
pace. Postero-lateral  border  thickened.  Posterior  border  rather 
wider  than  the  orbito-frontal ;  the  postero-lateral  angles  slightly 
produced.  Dorsal  surface  minutely  granular  in  well-preserved 
specimens.  An  areolar  tubercle  occurs  on  each  protogastric  lobe, 
two  (or  three)  on  the  mesogastric,  one  near  the  base  of  the  long 
epibranchial  spine,  and  an  oblique  longitudinal  series  of  three  on 
each  metabranchial  lobe.  The  cardiac  lobe  bears  a  single  median 
tubercle.  Two  minute  punctures  marking  the  attachment  of  the 
posterior  gastric  muscles  are  noticeable  behind  the  mesogastric 
lobe.  The  several  normal  dorsal  regions  are  defined  by  shallow 
depressions. 

Female  abdomen  seven-jointed.  In  the  male  the  fifth  and  sixth 
segments  are  coalescent,  Telson  smalL  Sternum  broadly  ovate ; 
endopodite  of  the  external  maxilliped  twice  as  wide  as  exopodite, 
furrowed  longitudinally. 

Buccal  opening  large.  Chelae  nearly  equal  in  size ;  hand  smooth, 
approximately  twice  as  long  as  wide,  ovate  in  section ;  palm  less 
oonvex  than  the  dorsum.  Fingers  slender,  rather  shorter  than  the 
hand ;  prehensile  border  serrated  by  eight  to  twelve  teeth.  All  the 
posterior  pairs  of  limbs  are  well-developed  and  nearly  equal  in  size, 
the  last  pair  being  as  large  as,  or  rather  larger  than,  the  penulti- 
mate, as  in  most  Portunid®.  Width  of  carapace  (excluding  the 
epibranchial  spine)  ==  from  25  to  50  mm. 

JHttribution, — I  have  examined  upwards  of  twenty  examples, 
all  of  which  were  obtained  from  the  London  Clay  of  Portsmouth. 
Specimens  are  in  the  British  Museum,  and  a  large  series  in  the 
Woodwardian  Museum ;  a  single  example,  labeUed '  Psammoeareintit* 
is  in  the  Manchester  Museum. 

(ii)  Sub&mily  Cancridse. 

Genus  Aoi^bopsis,  Carter. 

AcTJEOPsis  WiLTSHiBEi,  sp,  nov,    (PL  II,  fig.  3.) 

Description, — Carapace  approximately  hexagonal  in  outline, 
slightly  and  equally  convex,  both  transversely  and  longitudinally ; 
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wider  than  long — ^in  the  proportion  of  28  to  2d  mm.  Orbito-frontal 
border  half  the  width  of  the  carapace.  Antero-lateral  border 
moderately  arcuate,  trenchant,  bearing  four  (or  five  ?)  pointed  pro- 
cesses; two  or  three  similar  processes  occur  upon  the  postero- 
lateral border.  Posterior  border  as  wide  as  the  orbito-frontaL 
Eostrum  lai^e,  longitudinally  suloated.  Orbits  of  moderate  size, 
with  two  slight  notches  in  the  upper  edge.  A  wide,  unusually 
shallow,  undulating  ceryical  sulcus  marks  off  the  cephalic  region, 
the  area  of  which  is  rather  larger  than  that  of  the  scapular.  Most  of 
the  gastric  lobes  exist  as  nodular  prominences,  which  are  separated  by^ 
wide  and  smooth  interspaces.  The  summit  of  each  of  these  lobe& 
bears  numerous  minute,  sharply-defined  granules.  A  slightly-curved 
row  of  seven  granulated  tubercles  crosses  the  carapace  opposite  the- 
first  marginal  process.  The  mesogastric,  as  usual,  sends  forward,, 
to  the  base  of  the  rostrum,  a  slender  prolongation  which  separates 
the  protogastric  lobes.  The  several  branchi^  lobes  are  indistinctly 
defined.  Upon  the  metacardiac  lobe  are  two  large  granulated 
prominences;  and  two  or  three  of  a  similar  size  occur  on  the 
metabranchiaL 

The  abdomen  and  limbs  are  not  preserved. 

Width  of  carapaces 28  mm.;  length=23  mm. 

Affinities, — Tins  is  quite  unlike  any  British  fossil  species  with 
which  I  am  acquainted.  It  somewhat  resembles  an  imperfect 
specimen  of  XanthiUies  verrucosiis^  Schafh.,  from  the  Bavarian^ 
Nummulitic  beds  figured  and  described  by  Milne-Edwards,  but  is, 
I  think,  distinct  from  that  form.  The  characters  of  the  carapace* 
decidedly  support  an  alliance  with  the  recent  genus  Actcea.  I 
dedicate  this  species  to  Prof.  Wiltshire. 

Distribution. — Lower  Greensand  of  Atherfield. 

Oenus  Ettus,  Mantell. 
Etyt7s  Mabtivi,  MantelL 

1868.  BeU,  Monogr.  pt.  ii,  p.  5  &  pi.  i,  figs.  7-9  (not  fig.  11). 

Supplementary, — Orbito-frontal  border  about  a  third  of  the  width 
of  the  carapace.  Eostrum  slightly  produced.  Antero-lateral  margin 
tumid,  with  three  or  four  small  tubercles  supported  on  a  slight 
ridge.  PosteJior  border  rather  wider  than  the  orbito-frontaL  An 
areolar  tubercle  occurs  on  each  of  the  metagastric,  hepatic  (close  to 
the  antero-lateral  border),  and  mesobranchial  lobes.  The  sulcus 
between  the  epi-  and  mesobranchial  lobes  scarcely  reaches  the 
postero-lateral  margin  ;  mesogastric  lobe  distinctly  defined.  Pterygo- 
stomate  region  tumid,  surface  minutely  granulated ;  on  the  inner 
portion  of  the  inferior  branchiostegite  is  an  unusual  oblique  sulca- 
tion.  Sternum  rather  narrow ;  epistemum  granulated,  sharply  re- 
troflezed.  Epistome  granulated  ;  endostome  narrowing  posteriorly 
and  deeply  emarginato.  Ezopodite  of  external  maxilliped  about 
half  as  wide  as  the  endopodite,  which  is  furrowed  longitudinally 
and  has  the  inner  distal  angle  produced.  Abdomen  seven-jointed, 
the  penultimate  twice  as  long  as  the  segment  preceding  it;  each' 
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rflegment  divided  into  a  median  and  lateral  portions  by  longitudinal 
gtooYeB.  ChelsB  elongate ;  propodite  about  a  third  of  the  width  of 
the  carapace  in  length,  oval  in  section.  Pingers  very  slender, 
nearly  as  long  as  the  hand ;  inner  border  with  irregular  adcular 
•denticles.  Width  of  carapace  ss  7  to  26  mm.  Length  of  average 
•advlt  ss20  mm. 

BemarJcs, — ^In  Cambridge  Greensand  specimens  the  tubercles  on ' 
ihe  dorsal  surface  of  the  carapace  are  much  less  acutely  prominent 
than  in  those  from  the  Gbiult — a  condition  which  Bell  attributes  to 
nutrition.  The  difference  is  certainly  normal  and  not  accidental ; 
nor  is  it  pecuUar  to  this  species ;  a  similar  modification  of  surface- 
•character  occurs  in  most  of  the  forms  which  are  common  to  the  two 
deposits.  The  delicate  chels  are  very  seldom  preserved  in  situ  in 
<]!flanbridge  specimens,  but  they  occasionally  occur  in  those  from  the 
Oault  The  detached  hand  (fiell,  pL  i,  fig.  11)  which  Bell  supposed 
to  be  that  of  Etyus  Martini  belongs  to  Diatdax  Carteriana. 
M'Coy's  figure  is  inaccurate  as  regards  the  course  of  the  scapular 
Bulci,  and  also  in  representing  the  mesobranohial  lobe  as  baring 
two  tubercles  instead  of  one. 

DisiribtUion. — ^Abundant  in  the  Cambridge  Greensand.  Specimens 
sfrom  the  Gault  of  Puttenham  are  in  the  Woodwardian  Museum. 

Genus  Xaitthobia,  Bell. 
Zanthosu  gibbosa,  Bell. 

ISeS.  Bell,  Monogr.  pt.  ii,  p.  8  &  pL  i,  figs.  4-8. 

Supplementary, — ^The  resemblance  of  X.gibboea  with  X.aranuloeaf 
to  which  Bell  alludes  in  his  description  of  the  latter  form,  is  so 
•dose  that  it  may  well  be  regarded  as  a  variety  of  that  species. 
Almost  the  only  distinctive  character  refers  to  the  processes  of  the 
antero-lateral  margin,  which  in  this  species  are  more  or  less 
pointed,  but  in  X.  granulosa  are  quadrate.  The  marginal  armature 
is,  in  all  the  Brachyura,  an  unstable  character,  by  reason  of  the 
variation  in  form  and  in  degree  of  development,  according  to  the 
age  of  the  individual.  I  have  not  been  able  to  detect  the  puncta- 
tion  of  the  posterior  portion  of  the  carapace  which  Bell  mentions 
SB  a  character.  Portions  of  the  test  preserved  on  the  cephalic  area 
of  specimens  which  1  have  seen  are  distinctly,  but  minutely,  granu- 
lated.   The  fissures  in  the  borders  of  the  orbit  are  very  distinct. 

I  have  met  with  no  other  specimens  than  those  described  by 
Bell,  four  in  number,  now  in  the  British  Museum  (Cunnington 
•ColL).  The  carapace  is  the  only  portion  that  has  been  determined. 
The  name  Xanthosia  has  been  applied  by  Be  Candolle  to  a  genus  of 
Umbelliferous  plants. 

Xanthosia  obakulosa  (M'Coy).    (PI.  II,  fig.  5.) 

1854  Beu$$ia  granulota,  F.  M'Coy,  'Contrib.  PalsBont.'  p.  272. 
1883.  Xa$Uho9ia  ffranulo§a,  BelL  Monogr.  pt.  ii,  p.  4  &  pL  i,  fig.  18. 
1866.  B&uuia  granom^  Milne-EdwardB, '  Monogr.  Cmst.  Foss.  Fam.  CfancAriens,' 
Ann.  Sci.  Nat.  aer.  4,  vol.  zviii,  p.  78  &  pi.  v,  fig.  2. 

Description. — Carapace    a   third  wider  than   long,    depressed. 
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Eostrum  broadly  triangalar,  sligbtly  prominent.  Orbito-frontal 
border  equal  to  balf  tbe  width  of  the  carapace.  Antero-lateral 
border  compressed  to  a  thin  marginal  edge,  which  is  diyided  inta 
three  or  four  quadrate  lobes  by  notches  or  clefts.  Postero-lateral 
border  thickened,  inclining  inward,  and  rendering  the  posterior 
border  narrower  than  the  orbito-frontal.  Dorsal  surface  uniformly 
'coTered  by  small  granules — about  four  in  a  square  millimetre.. 
Areolar  tubercles  not  observable.  Most  of  the  normal  regions  of 
both  the  cephalic  and  scapular  areas  are  separately  indicated  :  lateral 
gastric  lobes  inflated ;  mesogastric  lobe  small ;  urogastric  un- 
defined; the  pyriform  epibranchials  terminate  in  the  lateral 
angles ;  in  some  specimens  a  linear,  indistinctly'  defined,  meso- 
branchial  extends  obliquely  forward  and  inward;  cardiac  region 
large,  inflated :  the  metabranchials  occupy  the  postero-lateral' 
two-fifbhs  of  the  scapular  area.  A  sharp  impression  occurs  in 
the  sinus  between  the  anterior  cardiac  and  the  branchial  lobes. 
Pterygostomate  region  granulated  like  the  dorsal  surface.  Sternum 
moderately  wide,  lanceolate.  Epistemum  sharply  retroflexed, 
acutely  pointed.  Epistome  granulated;  cavities  for  insertion  of 
external  antennse  large.  Endostome  large,  with  a  median,  and 
oblique  lateral,  ridges.  Orbits  large,  transversely  oval,  rather  les^ 
than  two  diameters  apart;  two  notches  in  both  the  upper  and 
lower  margins.  Ophthalmic  peduncles  constricted,  granulated. 
Buccal  opening  rather  widened  in  front.  Exopodite  of  external 
maxillipeds  a  third  of  the  width  of  the  endopodite,  which  latter  is^ 
longitudinally  furrowed  and  granulated. 

Female  abdomen  seven-jointed ;  penultimate  segment  quadrate ; 
telson  triangular. 

Widi^  of  carapace  s=x  10  to  30  mm. ;  average  adult  width  s 
28  mm. ;  average  length  =  15  mm. 

EemarJcs, — ^In  his  generic  diagnosis  Bell  quotes  emargination  of 
the  orbito-frontal  border  as  a  character ;  but  the  frontal  border  of 
the  specimen  which  he  has  described  and  figured  is  imperfect,  and 
is  made  to  appear  emarginate  by  the  accidental  fracture  of  the 
rostrum.  Specimens  in  which  this  border  is  well  preserved  show 
a  slightly  prominent,  but  distinct,  rostrum. 

Affinities, — This  species  may  be  readily  distinguished  from  its 
allies  by  the  depressed  form  of  the  carapace,  by  the  trenchant 
antero-lateral  border,  and  by  the  uniformity  in  size  and  regularity 
of  disposition  of  the  surface-granules. 

Distribution, — Cambridge  Greensand.  Upper  Greensand,  War- 
minster (Jlde  Milne-Edwards).  A  single  example  from  the  Gault 
near  Aylesford  is  in  the  British  Museum  (No.  44311).  I  have 
examined  upwards  of  fifty  specimens  in  the  Woodwardian  Museum,, 
the  British  Museum,  the  Museum  of  Practical  Geology,  the  York 
Museum,  etc. 

Xakihos^a  similis  (Bell).    (PI.  II,  ^g.  9.) 

1868.  Etvua  timilis,  Bell,  Monogr.  pt.  ii,  pp.  6, 89  &  pi.  i,  fig.  12,  pi.  xi,  fig.  15. 
1866.  Milne-Edwards,  Ann.  Sci.  Nat.  ser.  6,  vol.  iii,  p.  847  &  pi.  vi,  fig.  7. 

Description, — ^The  carapace  is  almost  identical  in  character  with 
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that  of  X.  granulosa^  except  as  regards  the  granolatioii  of  the 
cephalic  portion  of  the  dorsal  surface ;  this  area,  instead  of  heing 
uniformly  and  minutely  granulated  as  in  X,  granulosa^  hears  larger 
and  pointed  tuherdes,  which  vary  considerahly  hoth  as  to  size  and 
arrangement — ^not  heing  disposed  in  any  constant  order,  hut  scat- 
tered irregularly  over  the  gastric  and  hepatic  lohes,  differing  in 
disposition  in  each  individual.  The  cephalic  lohes  are  more  inflated 
and  more  prominent  than  in  X,  granulosa.  The  antero-lateral 
border  is  bo  compressed  as  to  be  rendered  trenchant. 

Length  of  carapace  s  11  to  16  mm. ;  width  =  18  to  28  mm. 

Affinities, — X.  similis  is  smaller  in  size  than  its  congener — 
X,  granulosa — and  has  a  general  aspect  which  saggesta  the  proba- 
bility that  it  may  be  an  abnormal  form  of  that  species.  It  was 
first  recognized  by  Bell,  who  referred  it  to  the  genus  Etyus,  but 
well-preserved  specimens  present  characters  so  completely  identical 
with  those  of  Xanthosia  that  I  do  not  hesitate  to  transfer  it  to  that 
genus.  The  difference  in  form,  the  irregularity  of  the  granulation  of 
the  carapace,  and  the  compressed,  trenchant,  antero-lateral  margin, 
at  once  distinguish  it  from  Etyus  Martini, 

The  posterior  portion  of  the  carapace  figured  by  Bell  (pi.  xi, 
fig.  15)  is  broken  away,  so  that  it  is  made  to  appear  dispro- 
portionately wide. 

Distrilmtion, — Cambridge  Greeosand.  I  have  examined  alto- 
gether about  twenty  specimens,  which  are  preserved  in  the  British 
and  Woodwardian  Museums,  and  in  my  own  collection.  This  species 
is  probably  represented  in  the  Gault  of  Sainte-Croix  by  X,  Fischeri^ 
Milne-Edwards. 

Genus  Xanthopsis,  M'Coy. 

The  diagnosis  of  Xanthopsis  is  given  by  Bell  in  detail  amply 
sufficient  for  determination.  It  may  be  added  that  the  sternal 
plastron  is  broadly  ovate  and  a  fourth  longer  than  wide.  Genital 
pores  exist  in  the  third  segment  of  the  female.  The  epistemum  is 
half  the  width  of  the  sternum  and  twice  as  wide  as  long.  As 
regards  the  abdomen,  it  is  difficult  to  determine  whether  the  middle 
segments  in  the  male  were  free  or  coalescent  during  Ufe;  but 
transverse  markings  distinctly  indicate  the  seven  normal  segments. 
The  chelae  are  unequal,  and  in  some  examples  the  difference  in 
size  is  very  considerable — one  being  only  a  third  as  large  as  its 
fellow.  The  fingers  of  the  larger  claw  are  robust,  and  have  the 
dentary  margin  coarsely  tuberculated ;  those  of  the  small  chela  are 
slender  and  usually  nearly  edentulous.  A  similar  difference  occurs 
normally  in  many  other  genera,  both  recent  and  fossil. 

Xanthopsis  is  abundantly  represented  in  the  Tertiary  deposits  by 
a  variety  of  forms,  of  which  14,  including  10  foreign,  have  been 
described  as  distinct  species.  Milne-Edwards  has  expressed  an 
opinion  that  several  of  the  foreign  forms,  to  which  specific  names 
have  been  applied,  can  be  considered  as  varieties  only;  BeU*s 
careAil  investigations  led  him  to  a  similar  conclusion  relative  to 
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the  seyeral  British  forms,  which  he  regarded  as  varieties  of  one 
species,  of  which  X.  Leacki  is  the  type.  I  folly  conoor  with  these 
experienced  carcinologists  in  this  opinion.  It  may,  however,  be 
permissible  and  convenient  provisionally  to  regard  these  varieties 
as  specifically  distinct,  and  to  continue  the  names  employed  by 
Bell,  with  the  object  of  determining  by  future  observation  any 
special  value  or  interest,  either  biological,  phylogenetic,  or  geological, 
which  may  attach  to  them. 

XaNTHOPSIS  BISPINOSA,  MKjOJ. 

1868.  BeU,  Monogr.  pt.  i,  p.  16  &  pL  i,  figs.  6  &  6. 

Supplementary, — I  apprehend  that  the  dentition  of  the  inner 
border  of  the  dactylopoidite  represented  by  Bell  (fig.  5)  is  in- 
accurate. 

Xakthopsis  Lbachh  (Desmarest). 

1868.  BeU,  Monogr.  pt.  i,  p.  14  A  pL  i,  figg.  1-4, 

Sv^hmentary. — ^llie  punctation  of  the  dorsum  of  the  carapace 
varies  according  to  the  stage  of  growth.  In  small  specimens  the 
puncta  are  so  close  as  to  produce  a  reticulated  appearance ;  they 
become  more  widely  separated  as  growth  advances,  and  in  large 
specimens  they  are  more  than  a  diameter  apart  The  large  tubercle 
upon  the  dorsum  of  the  hand,  near  the  carpal  articulation,  and 
those  upon  the  marginal  crest  are  more  or  less  obsolete  in  many 
specimens. 

Bell  figured  a  nodulated  form  which  he  considered  to  be  that 
of  a  variety  of  X.  Leaehu  I  have  met  with  a  number  of  similar 
examples,  most  of  them  from  Alum  Bay,  Isle  of  Wight ;  but  it  is 
not  peculiar  to  that  locality,  as  specimens  from  the  London  Clay  of 
Sydenham  and  Bognor  are  in  the  British  Museum.  This  form 
nearly  resembles  a  variety  of  X.  DufouHi^  Milne-Edw.,  but  Milne- 
Edwards  regards  it  as  a  nodulated  variety  of  X,  hispidiformiSf 
Schloth.,  the  occurrence  of  which  at  Sheppey  is  quoted  by  M'Ooy. 
X  hispidifoitnie  and  its  varieties  are  fully  described  and  profusely 
figured  by  Eeuss  and  by  Milne-Edwards.  I  am,  however,  unable 
positively  to  determine  the  precise  form  to  which  Schlotheim 
originally  applied  this  name. 

Dietribution, — London  Clay. 

Genus  Plaoiolophus,  BelL 
Plaoiolophub  WsTHEBBixn,  Bell.    (PI.  n,  fig.  6.) 

1868.  BeU,  Monogr.  pt.  i,  p.  19  &  pL  ii,  figt.  7-18. 

1869.  Olyphithmut  affinu,  Beas8,'Ziir  Eenntniss  foss.  Krabben,'  Denkschr. 
k.  Akad.  Wissensch.  Wien,  voL  xrii,  p.  63  &  pi.  x,  figs.  4  &  6. 

1861-66.  Plagiolopkus  WHhereUiy  Milne-Edwards,  '  Hist,  des  Cnut.  Podophth. 
Fo«.'  Ann.  ScL  Nat  ser.  4,  vol.  xiv,  p.  368,  pi.  xxxii,  fig.  2  &  pL  xxxiv,  fig.  1.   [?J 

Supplementary, — Carapace  approximately  quadrate  in  outline,  as 

long  as  wide  in  the  early  stage  of  growth,  becoming  a  fourth  or 

fifth  wider  as  growth  advances.     Orbito-f rental  border  as  wide  as 

thfe  carapace  is  long.     Mesogastric  lobe  small,  confluent  posteriorly 

with  a  small  angular  urogastric  lobe  of  unusual  form — which  is 


Digitized  by 


Google 


YoL  54.]  THE  DECAPOD  OBT78TAOBA  OF  ENOLAITD.  41 

floparated  from  the  cardiac  by  a  V-shaped  buIcus.  Posterior  margin 
of  the  carapace  abruptly  dedivous.  Baccal  opening  as  wide  as 
long.  Sternal  plastron  large,  broadly  ovate.  Male  abdomen 
hastate,  tapering  rapidly  to  a  small  telson ;  sulci  between  the  third, 
fcurth,  and  fiftii  segments  indistinct.  Chelse  rather  unequal  in 
£ize ;  meropodifce  remarkably  robust,  as  large  as,  or  larger  than,  the 
propodite. 

Diitrxbution. — London  Clay  of  Sheppey  and  Portsmouth.  Eed 
Crag  (derivative)  of  Felixstowe. 

Genus  Xakthujtes,  BelL 
Xanthilites  BowEEBAmni,  Bell. 

1868.  Bell,  Monogr.  pt.  i,  p.  17  A  pL  ii,  figs.  2-6. 

1869.  P9eud4riphialPCoyi,Bj&;xaa^  *Ziir  Kenntnias  foss.  Krabben,*  Denkschr. 
Ic.  Akad.  Wissensch.  Wien,  voL  zvii,  p.  64  A  pi.  xviii,  figs.  4-6. 

1860  ?  LeioehilMS  Morriti,  Beass,  ibid,  p.  66  A  pi.  xviii,  fig.  7 ;  see  Porttmits$ 
ineerta, 

1868-64.  XanthaUe$  BowerbanHi,  Milne-Edwards,  Amu  ScL  Nat.  ser.  4,  vol  xx 
(1868)  pL  xi,  figs.  1  &  2 ;  ser.  6,  voL  i  (1864)  p.  47. 

Supplementary, — ^Antero-lateral  margin  of  the  carapace  slightly 
arcuate.  The  postero-lateral  margin-— described  by  Bell  as  very 
short — is  longer  than  the  antero-lateral,  nearly  straight,  inclining 
inward.  Dorsal  surface  bears  granules,  ten  to  twelve  in  a  square 
centimetre,  irregularly  disposed,  most  of  them  having  an  apical 
(setigerous?)  pit.  A  triangular  lobe  occurs  between  the  base  of 
the  mesogastric  and  the  branchial  lobes,  representing  an  unusually 
distinct  hypogastric.  Sternal  plastron  broadly  lanceolate,  a  fifth 
longer  than,  wide ;  episternum  trilobate,  minutely  granulated,  half 
the  width  and  a  fourtii  the  length  of  the  sternal  plastron. 

Eemarhs. — Bell  has  given  a  diagram  (fig.  6)  of  the  abdomen, 
which  he  considered  to  be  that  of  the  female,  but  I  venture  to 
doubt  that  determination.  In  all  Brachyura,  both  fossil  and  recent, 
BO  far  as  I  can  ascertain,  the  segments  of  the  female  abdomen,  pos- 
terior to  the  third,  are  as  wide  as,  or  wider  than,  those  preceding  it, 
and  thus  are  rendered  adaptive  for  the  normal  function  of  supporting 
and  protecting  the  ova.  In  some  genera  this  lateral  expansion  is 
slight,  but  it  is  always  recognizable.  The  hastate  form  appears  to 
be  peculiar  to  the  male :  as  all  the  specimens  of  the  abdomen  of 
this  species  which  I  have  examined  are  of  this  form,  I  regard  them 
as  belonging  to  that  sex. 

This  species,  together  with  Plagichphus  WethereUii  and  PortuniUs 
ineerta^  was  concurrently  and  independently  described,  but  under 
different  names,  by  Beuss  and  by  Bell.  The  description  is  given  by 
Beuss  in  a  valuable  communication  made  in  1857,  but  not  published 
in  full  until  1859.^  The  volume  of  the  PalaBontographicid  Society 
containing  Bell's  monograph,  dated  1857,  was  issued  in  1858,  and 
became  available  for  reference  at  an  earlier  date  than  the  (j^rman 
publication.  Under  these  circumstances  I  have  recognized  Bell's 
daim  to  priority,  and  have  continued  the  names  which  he  employed. 
Beuss  alludes  to  this  coincidence  of  publication  in  a  copious  note 
appended  to  his  paper. 

*  Denkschr.  k.  Akad.  Wiseeusch.  Wien,  toL  xvii. 
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Distribution, — London  Clay.  Specimens  are  in  the  Woodwardian 
and  Jermyn  Street  Museums.  Examples  (derivative)  from  the  Bed 
Crag  are  in  the  Woodwardian  Museum,  etc. 

Genus  PoDOPiLTTacNXTs,  M'Coy. 
PoDOPTLUMjrus  FiTTONi,  M'Coy.     (PI.  II,  fig.  7.) 

1849.  M*Coy,  Anu.  A  Mag.  Nat.  Hist.  ser.  2,  vol.  iv,  p.  166. 
1854.  M'Coy,  *Coutrib.  Pal»ont.'  p.  121. 

1864.  Moms,  *  Cat.  Brit.  Foss,'  2nd  ed.  p.  114. 

1869.  Reuss,  *  Zur  Kentniss  foss.  Krabben,'  Denkschr.  k.  Akad.  Wissensch.  Wieiv 
vol.  xvii,  pp.  8,  79. 

1865.  MUne-Edwards,  Ann.  Sci.  Nat.  ser.  6,  vol.  iii,  p.  816  &  pi.  vi,  fig.  6. 

Description, — Carapace  about  a  third  wider  than  long;  slightly 
convex  transversely,  cephalic  portion  strongly  deflexed  in  front. 
Orbito-frontal  border  nearly  straight ;  width  rather  less  than  half 
that  of  the  carapace ;  interorbital  portion  occupied  by  a  broad, 
flattened,  quadridentate  rostrum.  Orbit«  transversely  oval,  margins 
irregular.  Antero-lateral  border  moderately  arcuate,  slightly  keeled,^ 
and  bearing  three  small,  distant,  pointed  processes.  The  postero- 
lateral margin  is  longer  than  the  antero-lateral  and  undulates 
inward,  making  the  width  of  the  posterior  margin  about  equal 
to  that  of  the  orbito-frontal.  The  normal  dorsal  regions  are 
indistinctly  defined.  A  shallow  median  sulcus  extends  from  the 
rostrum.  The  whole  surface  of  the  carapace  is  nearly  smooth,  but 
under  the  lens  small  granulations  of  various  sizes  are  visible,  espe- 
cially near  the  borders.  The  inferior  branchiostegite  is  sparsely 
granular,  and  bears  a  sharp,  curved,  granulated  ridge.  Sternal 
plastron  broadly  ovate,  half  as  wide  as  the  carapace.  Female 
abdomen  broadly  ovate,  segments  apparently  distinct;  the  five 
anterior  are  of  equal  length  and  much  wider  than  long.  Chelae 
robust ;  meropodite  considerably  shorter  than  the  propodite ;  carpo- 
podite  large,  rhomboid,  granulated ;  hand  rather  longer  than  wide  ; 
the  dorsal  surface  is  singularly  sculptured  by  minute  Gypris-like 
markings,  and  bears  several  rows  of  small  tubercles  extending  frt)m 
the  carpal  articulation  towards  the  fixed  finger ;  anterior  border 
tuberculated ;  fixed  finger  shorter  than  the  hand,  and  calcareous, 
the  inner  border  being  coarsely  dentated.  The  four  posterior  pairs 
of  limbs  are  large  and  long :  the  meropodite  of  the  fourth  pair 
measuring  half  the  width  of  the  carapace. 

Length  of  carapace =36  mm.;  width =48  mm. 

Affinities. — This  genus  is  clearly  referable  to  the  Portunidse. 
Milne-Edwards  has  fully  discussed  the  alliance  of  this  form,  and 
regards  its  relationship  with  Pilumnus  as  remote. 

Distribution^  etc, — The  only  known  specimen  of  this  species  is 
that  in  the  Woodwardian  Museum  described  by  Sir  Frederick 
M'Coy.  It  is  labelled  '  Greensand,  Lyme  Eegis,'  but  there  is  doubt 
both  as  to  the  rock  and  the  locality  from  which  it  came.  Sir 
Kichard  Owen'  regarded  it  as  *  probably  from  some  Tertiary 
deposit.'  It  is  quoted  and  figured  as  a  British  fossil  by  Milne-^ 
Edwards,  Bronn  &  Boemer,  and  Pictet.  The  figures  given  by  these 
1  '  Palaeontology,'  Edinburgh,  1860,  p.  46. 
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aathors  respectively  are  copies  of  the  woodcut  accompanying  M'Coy's 
description,  which  is  stated  by  the  author  to  be  diagrammatic  only, 
and  not  intended  as  an  accurate  representation  of  the  specimen. 

Family  Catometopa. 
Genus  Goniocipoda,  Woodward. 

GOVIOCTPODA  SULCATA,  Sp.  UOV.      (PI.  II,  fig.  10.) 

Description, — Carapace  quadrate  in  outline,  a  fourth  wider  than 
long ;  slightly  convex  transversely,  more  so  longitudinally.  Orbito- 
f  rental  border  nearly  straight ;  width  in  proportion  to  that  of  the 
carapace  as  17  to  20 ;  the  median  fifth  occupied  by  the  obtuse, 
square  rostrum.  Portions  of  the  elongated  ophthalmic  peduncles 
are  preserved.  The  antero-lateral  borders  bear  the  normal  external 
orbital,  hepatic,  and  branchial  processes.  The  postero  -  lateral 
margin  undulates  inwardly  and  renders  the  posterior  border 
considerably  narrower  than  the  orbito-frontal.  Dorsal  surface 
of  carapace  smooth ;  the  median  are  separated  from  the  lateral 
gastric  lobes  by  an  unusually  wide,  shallow  sulcus,  which  extends 
on  each  side  from  the  base  of  the  rostrum  to  the  cervical  sulcus ; 
hepatic  lobes  large,  but  most  of  the  normal  dorsal  lobes  are 
indistinctly  defined.  Cardiac  region  very  wide,  occupying  fully 
the  median  third  of  the  scapular  area.  Sternum  large,  broadly 
oval,  five-sixths  the  width  of  the  carapace ;  the  segments  are 
of  nearly  equal  size.  The  abdomen  in  the  male  gently  narrows 
towards  the  telson;  the  second,  third,  and  fourth  segments  are 
coalescent.  Chelse  of  equal  and  moderate  size  ;  hand  scarcely  half 
the  length  of  the  carapace ;  surface  smooth.  Fingers  shorter  than 
the  hand. 

Length  of  carapaces  16  mm.;  width=20  mm. 

Affinities. — I  refer  this  form  to  the  genus  Qoniocypoda^  established 
by  Dr.  Woodward  for  the  reception  of  a  Tertiary  species,  G.Edwardsij 
Woodw.  The  carapace  differs  from  that  of  its  Eocene  aUy  in  both 
form  and  size,  being  considerably  larger,  wider  in  proportion  to  the 
length,  and  less  acutely  quadrangular;  also  by  the  existence  of 
processes  on  the  antero-lateral  margin.  The  specific  name  refers  to 
the  strongly-marked  sulcus  which  surrounds  the  mid-gastric  lobes. 

Distribution, — Lower  Greensand  of  Shanklin.  The  only  specimen 
that  I  have  seen  is  in  the  Museum  of  Practical  Geology  ;  it  is  a 
male,  and  the  chelsB  are  of  moderate  size. 

EXPLANATION  OF  PLATES  I  &  H. 

The  flgares  are  of  the  natural  size,  unless  otherwise  stated. 

Plate  I. 

Fig.  1.  Nfphrops  Reedi,  sp.  nov.    Left  chela.    1  a,  palmar  surface ;  1  b,  dorsal 
surface.    Orag  of  Boyton,  derived  from  the  London  day.    York 
Museum. 
2.  Qebia  clypeatus,  sp.  nov.     2  a,  dorsal  surface  of  oephalothorax,  x  2 ; 
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2b,  lateral  Tiew  of  same;  2c,  lateral  view  of  abdomen;  2d,  dorsal 
surface  of  bod j ;  2  e,  posterior  Tiew  (telson,  etc.),  X  2.  Ghreat  Oolite, 
Northampton ;  Woodwardian  Museum. 
Fig.  3.  Gtutroaacus  Wetzleri,  t.  Meyer.  Dorsal  sur&oe  of  oe^ialothoraz. 
do,  xl;  36,  X  2.  Ooral  Bag,  IJpware  (soutbempit).  Presented  to 
tbe  Woodwardian  Museum  by  Frofl  W.  J.  SoUas,  F.B.8. 

4.  Homolcpais  Edwardsii,  BelL    4  a,  oan^>aoe ;  4  h,  transverse  section  of 

carapace ;  4  c,  female  abdomen.    Cambridge  G-reensand. 

5.  ffomoioptia  depretaa,  sp.  noT.    5  a,  Gbiult,  British  Museum.    6  b,  Cam- 

bridge Greensand,  Author^s  collection.     X  1^. 

6.  Gonioekele  angulaia,  BelL    Female  abdomen.   London  Clay.    Autfaor^s 


collection.    oliffhtlT  reduced. 
Ranina  (RaniiuMa?\  atava,  sp.  noT.    Upp 
Warminster.    Willett  Collection,  Brignton  Museum. 


7.  Banina  (RanindlaiS  cUava,  sp.  noT.    Upper  Greensand,  Chute  Farm, 


8.  Palaocorystes  StokeaU  (Mantell).    Sternum,  maxillipeds,  first  pair  of 

legs,  and  abdomen.     Cambridge  Greensand.     Author^s  collection. 
Bnlarged. 

9,  Necrocarcinus  Bechei,  DesL    Female  abdomen.    Cambridge  Greensand. 

xa 

PlatiIL 

Fig.  1.  Necrocareinu9  Wbodwardii,  BelL   1  a,  hand ;  lb,e,  sections.  Cambridge 

Greensand.    Author's  collection. 
2.  N^tunus  vectenns,  sp.  nov.     Ventral  aspect,  showing  plastron,  etc* 

Hamstead  Beds  (Corbula-hed),  Hamstead.    Woodwaraian  Museum. 
8.  Aotaopais  WiltsMrei,  sp.  nov.    Lower  Greensand,  Atherfield. 

4.  MUhracia  oblita,  sp.  nov.      Cambridge  Greensand.     X  2. 

5.  Xanthotia  granulosa  (M'Coy).    5  a,  epistoroe  and  endostome,  enlarged ; 

5  b,  abdomen,  eulareed.    Cauibridge  Ghreensand. 

6.  Plaaiolophua  WUhereUii,  Bell.   Male  abdomen.  London  Clay,  Sheppej  f 

7.  PoaopilumHus  Fittoni,  M*Coy.    7a,  ventral  view;  7b,  anterior  view. 

Greensand,  Lyme  Bens.    Woodwardian  Museum. 

8.  MUhracia  Ubinioides,  Bell.     London  Clay,  Sbeppey.    Woodwardian 

Museum.     X  H. 

9.  JCanthosia  simiUs  (Bell).    Cambridge  Gbeensand.    Author's  collection. 

Xli. 
lOt  Gonioct/poda  sulcata,  sp.  nov.    10  a,  dorsal ;  10  b,  ventral  aspect.    Lower 
Greensand,  Shanklin.    Museum  of  Practical  Geology  (No.  6875). 

DiSCUSSIOK. 

Mr.  Mark  regretted  the  absence  of  Prof.  Hagbes,  who,  as  a 
Delegate  of  tbe  Society  to  the  International  Geological  Congress, 
had  been  so  occupied  that  he  had  only  recently  returned  to  Cam- 
bridge, and  consequently,  owing  to  stress  of  work,  was  unable  to  be 
present  that  evening.  Prof.  Hughes  had  requested  him  (the  speaker) 
to  express  his  regrets,  and  to  record  the  Woodwardian  Professor's 
appreciation  of  ti^e  value  of  the  late  Mr.  Carter's  work,  which  he 
was  glad  to  do,  as  it  enabled  him  to  bear  personal  testimony  to  the 
way  in  which  Mr.  Carter  had  ever  placed  his  stores  of  knowledge  at 
the  disposal  of  geologists,  and  to  his  deep  regard  for  the  welfare  of 
this  Society. 
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5.  Obssbtatiokb  on  the  Gbnus  Aolisina,  Db  KoHDroE,  wUh  Db- 
BCBipnoNs  of  Bbitibh  Spboibb  and  of  bomb  otheb  Cabbovifbbotjb 
Gabtbropoda.  By  MIbb  J.  Dokald.  (Communicated  by  J.  G« 
GooDCHiLD,  Esq.,  F.G.S.    Read  November  17th,  1897.) 

[PLATisin-V.] 

iNTBODUOnOir. 

Iir  18bl  De  Eoninck,  in  his  '  Faune  Gale.  Garb.  Belg.'  Ann.  Mus, 
Boy.  Hist  Nat.  Belg.  vol.  vi,  pt.  iii,  p.  86,  created  the  genus  AcUsina 
to  include  some  small  shells  which  had  previously  been  placed  in  one 
or  other  of  the  genera  Murehisoma,  Loxonema^  Adis,  TurbonUla  or 
Turritdlay  and  he  thus  defines  it :  '  Petite  coquille  allong^,  conique, 
h,  tours  convexes,  stri^  en  spirale ;  ouverture  ovale ;  herd  exteme 
mince,  entier  et  non  Faillant:  columelle  non  arquee,  l^g^rement 
^paissie ;  axe  non  perform.' 

Three  species  are  described  as  belonging  to  this  genus,  but  none 
is  especially  regarded  as  the  type.  I  have  examined  the  shells 
labelled  as  the  types  in  the  Brussels  Museum,  and  find  that  they 
are  severally  quite  distinct  from  one  another  in  character,  so  much 
so,  indeed,  that  each  must  form  the  type  of  a  separate  genus.  It 
remains,  therefore,  to  be  decided  which  should  be  regarded  as  most 
typical  of  De  Koninck's  definition  of  Aclisina.  The  first-mentioned, 
Murc^isonia  striattUa^  was  referred  by  De  Koninck  in  a  former 
work  to  the  genus  Murehisonia,'^  but  he  here  removes  it  to  Aclinna^ 
because  he  states  there  is  no  slit  (*  fente ')  in  the  outer  lip. 

The  surface  of  the  specimen  from  ViB6  in  the  Brussels  Museum, 
marked  as  the  type  of  this  species,  is  much  worn,  but  it  is  suffi- 
ciently  preserved  to  prove  its  identity  with  other  individuals  from 
the  same  locality  in  the  Brussels  Museum,  in  the  Museum  and  in 
the  GoUection  of  M.  Destinez  at  li^ge,  and  also  with  two  shells 
(65080)  in  the  British  Museum  (Nat.  Hist.).  None  of  these 
specimens  agree  exactly  with  either  thh  figures  or  descriptions 
of  De  Koninck.  The  whorls  are  less  convex  and  the  sutures  are 
not  so  oblique  as  in  figs.  41  and  42,  pL  xxxiii,  vol.  viii,  pt.  iv,  but 
the  ornamentation  is  more  like  that  of  these  figures  than  of  figs.  57 
and  58,  pL  ix,  voL  vi,  pt.  iii,  where  there  is  a  band  of  four  fine 
threads  near  the  middle  of  the  whorl,  while  on  the  specimens  I 
have  seen  this  band  is  formed  of  three  rather  strong  threads,  with 
the  exception  of  two  individuals  where  the  central  thread  is  wanting* 
As  this  part  of  the  type  is  especially  worn  on  the  lower  whorls^ 
the  fine  threads  may  have  been  inserted  in  the  figure  by  the 
artist  if  he  had  not  a  better  preserved  specimen  to  which  to  refer. 
Very  few  of  De  Koninck's  figures  are  really  portraits  of  the  indi- 
viduals marked  as  types  which  I  have  examined,  but  they  appear 
to  have  been  generalized  from  several  specimens,  and  they  do  not 

^  *D«0cr.  Anim.  foss.  Terr.  Oarb.  Belgique/  1842-44,  p.  416. 
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always  give  a  correct  idea  of  the  species.  The  lines  of  growth, 
which  are  represented  only  in  pi.  xzxiii,  fig.  42,  are  also  different, 
as  they  come  more  directly  down  the  whorl  than  on  the  specimens 
which  I  have  observed.  On  these  the  lines  of  growth  curve  backward 
and  form  a  sinus  situated  on  the  space  occupied  by  the  band  of 
three  threads  referred  to  above,  and  they  curve  forward  again 
below  in  a  manner  similar  to  Murchisonia.  The  ornamenting 
threads  agree  with  the  description  of  De  Eoninck  in  being  about 
ten  in  number,  and  in  varying  in  strength,  though  this  variation  in 
strength  is  not  quite  so  regular  either  on  the  same  individual  or  on 
different  ones  as  De  Koninck  describes.  In  spite  of  the  discrepancy 
pointed  out  between  the  description  and  figures  and  the  actual 
character  of  the  specimens  referred  to,  it  seems  as  if  these  latter 
must  be  considered  as  typical  of  the  species  Murchisonia  [Aeliiina] 
striattUa^  De  Kon.,  as  they  are  the  only  specimens  which  in  any  degree 
tally  with  the  representations  of  De  Koninck.  More  especisiUy  does 
this  appear  the  proper  course  to  be  taken  when  it  is  noted  that, 
besides  the  specimen  in  the  Brussels  Museum  marked  as  the  type, 
the  two  shells  in  the  British  Museum  (Nat.  Hist.)  are  so  named  in 
De  Eoninck's  own  handwriting. 

This  species  cannot,  however,  be  regarded  as  the  type  of  Aelisina^ 
BB  it  possesses  a  sinus  in  the  outer  lip,  and  does  not  therefore  agree 
with  the  description  of  that  genus ;  but  it  must  be  retained  among 
the  MurchisonicBf  where  De  Koninck  first  placed  it. 

The  two  other  species  referred  to  this  genus  are  Aclisina  pulchra^ 
De  Kon.,  pi.  vii,  figs.  26-28,  and  A.  nana,  pi.  vii,  figs.  29  &  30. 
The  type  of  the  latter  in  the  Brussels  Museum  is  very  small,  and 
is  distorted  by  pressure,  but  there  are  good  specimens  of  it  in  the 
li^e  Museum  from  the  same  locality,  and  also  one  in  the  collection 
of  M.  le  Chanoine  de  Dorlodot  from  Toumai.  One  firom  the  li^ge 
Museum  has  the  lines  of  growth  well  preserved ;  they  are  sinuated 
on  the  earlier  whorls  of  the  spire,  and  on  the  body-whorl  of  the 
adult  this  sinuation  appears  to  become  deeper,  so  as  to  indicate  a 
shallow  notch  in  the  outer  lip,  but  not  a  slit  as  in  the  outer  lip  of 
Murchisonia,  This  not<Ai  is  situated  higher  on  the  whorl  than  the 
fiinus  of  M.  striatula,  and  the  lines  of  growth  do  not  make  so  great 
a  sweep  either  backward  or  forward  as  in  that  species.  The 
notch  of  A,  nana^  like  the  sinus  of  M,  striatula,  occupies  the  space 
between  two  of  the  ornamenting  threads,  and  there  iB  sometimes  a 
fine  thread  down  the  middle. 

This  shell  also  diverges  from  the  generic  description  of  Adisina 
in  the  form  of  the  outer  lip,  but  it  cannot  be  referred  to  Murchisonia^ 
not  having  either  the  characteristic  slit  in  the  outer  lip  or  the  band 
of  that  genus.  I  would  suggest  the  name  MierenUma  for  the  genus, 
with  Adisina  nana^  De  Kon.,  as  the  type. 

A,  pulchra  displays,  however,  a  character  very  different  from 
M,  striatula  and  Micrentoma  [Adisina']  nana.  A  specimen  in  the 
collection  of  M.  le  Chanoine  de  Dorlodot  shows  the  form  of  the 
outer  lip  better  than  De  Koninck's  type  in  the  Brussels  Museum,  or 
the  other  two  specimens  associated  with  it.    Here  the  outer  lip 
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is  nearly  entire,  and  is  strongly  sigmoidal ;  it  retreats  from  the 
fintore  above,  so  as  to  give  almost  the  appearance  of  a  broad  and 
shallow  sinus ;  it  then  comes  prominently  forward  and  retreats 
again  anteriorly.  This  shell  accords  more  nearly  with  the  generic 
description  of  Adisina,  De  Kon.,  than  either  of  the  others  asso- 
ciated with  it,  and  it  therefore  appears  advisable  to  regard  it  as  the 
type  of  the  genus,  more  especially  as  some  palaeontologists  have 
since  referred  similar  fossils  to  Adisina,  The  description  of  the 
form  of  the  outer  lip,  however,  needs  emendation,  as  De  Koninck 
states  that  it  is  not  prominent,  but  in  this  and  allied  species  it 
Xiertainly  is  prominent. 

Bepresentatives  of  the  three  genera  occur  in  the  British  Isles, 
and  often  in  a  wonderfully  good  state  of  preservation.  The  Scottish 
specimens  deserve  special  mention,  many  of  them  having  the  proto- 
4)onch  intact,  and  some  also  showing  the  lines  of  growth  distinctly. 
The  examples  from  Glencart  and  Law,  Dairy,  and  also  from  Craw- 
field,  Beith,  Ayrshire,  are  of  a  creamy  colour,  and  look  more  like 
shells  of  Tertiary  or  even  more  recent  age,  instead  of  being  so 
ancient  as  the  Lower  Carboniferous  Period.  Dr.  John  Young  has 
written  a  most  interesting  paper  upon  the  Glencart  fossils,  published 
in  Proc.  Nat.  Hist.  Soc.  Glasgow,  1882,  p.  234.  He  states  that 
these  fossils  are  found  in  cavities  filled  with  day  in  weathered 
calcareous  shale-beds,  which  were  discovered  by  Mr.  John  Smith,  of 
Kilwinning.  He  conjectures  that  these  cavities  were  originally 
4^careous  nodules  which  enclosed  the  organisms  lying  in  the  stratum 
in  which  the  nodules  were  segregated,  and  that  the  calcareous 
matter  was  afterwards  dissolved  by  the  passage  through  the  beds 
of  water  containing  carbonic  acid,  which  left  behind  only  the  day 
originally  mixed  with  the  lime.  The  fossils  remained  so  free  in  the 
day  that  they  oould  easily  be  disengaged  by  washing. 

The  shells  from  Law  and  Crawfield  were  obtained  from  fissures 
and  partings  in  limestone  and  shales,  where  the  rock  had  become 
rotten  in  bUu  through  the  percolation  of  surface-water  in  recent 
times. 

It  is  worthy  of  remark  that  many  of  the  Scottish  Carboniferous 
gasteropoda  are  of  much  smaller  size  than  their  representatives  in 
England  and  Belgium;  this  discrepancy  may  be  owing  to  the 
different  physical  conditions  that  prevailed  in  the  two  areas. 

I  am  greatly  indebted  to  Prof.  Hughes,  Mr.  James  Bennie,  Dr. 
John  Toung,  Dr.  Hunter-Selkirk,  Mr.  James  Thomson,  Mr.  John 
Smith,  Mr.  Neilson,  Mr.  Platnauer,  and  M.  le  Chanoine  de  Dorlodot, 
for  the  loan  of  specimens.  I  must  also  record  my  gratitude  to  all 
those  in  charge  of  the  public  collections  which  I  have  had  occasion 
to  consult,  for  rendering  me  every  assistance  in  their  power  while 
preparing  this  paper.  I  may  especially  mention  Mr.  E.  T.  Newton, 
Mr.  H.  A.  Allen,  Mr.  R.  B.  Newton,  Dr.  Traquair,  Prof.  Cole, 
M.  B^clard,  Mr.  Howse,  and  Mr.  Goodchild.  In  the  conchological 
department  of  the  British  Museum  (Nat.  Hist.)  Mr.  E.  Smith 
and  Mr.  Pace  have  given  me  special  facilities  for  studying  recent 
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shellB  in  order  to  compare  them  with  fossil  ones.  Mr.  MoHenry, 
of  the  Irish  Geologic^  Survey,  has  been  very  good  in  giving  me 
information  about  the  Irish  horizons.  Mr.  G.  F.  Harris  has  kindly 
given  me  some  valuable  hints  with  regard  to  the  study  of  the  proto- 
conchs.    I  must  also  thank  Mr.  Goodchild  for  revising  these  notes. 


Family  Turritellidse. 
Genus  Aolisina,  De  Eon.  emend. 

AclUina,  L.  G.  De  Koninclt,  1881,  *  Paune  Calc.  Curb.  Belg.'  Ann.  Mtw.  Roy, 
Hist.  Nat.  Belg.  vol.  vi,  t.  iii,  pp.  86. 

Terebra  or  Turbo  P  (pan),  D.  Ure,  1798, '  History  of  Rutherglen  ft  £.  Kilbride,' 
p.  808  ft  pi.  xiv,  fig.  11. 

TurrUella  ?  (pars),  J.  Fleming,  1828,  *  Brit.  Animals,*  p.  805 ;  ?  (pars),  J.  Phillips, 
1886, '  Oeol.  Yorks.'  vol.  ii,  p.  229  ft  pL  xvi,  figs.  28  ft  26 ;  P  (pars),  E.  d'Eichwald, 
I860,  *  Lethea  Rossica,'  pp.  1120,  1121  ft  pi.  xUi,  figs.  4  ft  6 ;  P  F.  B.  Meek  ft  A.  H, 
Worthen,  1866,  *  PaL  Illmois,'  vol.  ii,  p.  882  ft  pi.  xxix,  fig.  8. 

Loxonema  (pars),  F.  M*Coy,  1844  {nam  J.  Phillips),  *Syn.  Char.  Carb.  Limest. 
F088.  Irel.'  p.  80,  pL  iii,  fig.  1  ft  pi.  v,  fig.  6;  P J.  W.  Dawson,  1868,  'Acad.  GeoL' 
2nd  ed.  fig.  122  ft  pp.  809,  810;  PA.  H.  Worthen,  1890,  GeoL  8urv.  Ulinois,  Fkl. 
vol.  viii,  p*140  ft  pi.  xxiii,  figs.  9  ft  9a. 

AcUs,  K.  P.  Stevens,  1868  {non  Sv.  Lov^n),  Am.  Joum.  Sci.  ser.  2,  voL  xxv,  p.  269 ; 
F.  B.  Meek  ft  A.  H.Worthen,  1878,  *  PaL  Illinois,'  vol.  v,  p.  696  ft  pL  xxix,  figs.  6a  ft  6  ; 
P  C.  A.  White,  1882,  *  Bep.  on  the  Carb.  Invert  Poss.  New  Mexico,'  U.S.  Oeograph. 
Snrv.  W.  of  100th  Merid.,  Appendix,  p.  86  ft  pi.  iii,  fig.  9 

P  MurchUonia  (pars),  O.  C.  Swallow,  1868,  Trans.  St.  Louis  Acad.  Sci.  voL  i, 
p.  203. 

Murehisonia  (pars),  J.  Armstrong,  J.  Young,  ft  D.  Robertson,  1876, '  Cat.  W.  Soot.- 
Fobs.*  p.  66. 

P  Twrbonilla,  H.  B.  Oeinitz,  1866  (non  A.  Risso),  '  Carbonformation  u.  Dyas  in 
Nebraska,'  p.  6  ft  pi.  i.  fig.  19. 

AelisinayJ,  Donald,  1886,  Trans.  Cumberl.  ft  Westmorl.  Assoc  no.  ix,  p.  181  ft  pL  ii,- 
figs.  2-6 ;  D.  P.  (Ehlert,  1887, '  Descr.  de  qq.  Esp^oes  D6von.  de  la  Mayenne,'  Bull.  Soc 
d^tudes  Scient.  d'Angers,  p.  10  ft  pi.  viii,  fig.  4 ;  S.  A.  Miller,  1889,  *N.  Am.  GeoL  ft 
Palseont.'  p.  896,  ft  1891,  *  GeoL  Surv.  Indiana,'  PaL,  l7th  Ann.  Rept.  p.  696  ft  pi.  xiv, 
fig.  10 ;  G.  F.  Whidbome,  1896, '  Monogr.  Dev.  Fauna  S.  of  Engknd/  Palnont.  Soc 
voL  iii,  pt.  i,  p.  62  ft  pi.  v,  fig.  10. 

Description, — Shell  small,  elongated,  conical,  composed  of  nume- 
rous whorls.  Apex  blunt.  Protocondi  formed  of  about  one  smooth 
whorl,  which  is  sometimes  more  or  less  detached  from  the  highest 
whorl  of  the  spire  on  the  umbilical  region.  A  fednt  rib  indicates  its 
junction  with  the  conch,  upon  which  the  ornamentation  begins 
almost  immediately.  Whorls  oonyez,  spirally  striated.  Sutures 
deep.  Outer  lip  as  indicated  by  the  lines  of  growth  sigmoidal, 
retreating  from  the  suture  and  forming  a  wide  shallow  sinus,  then 
arching  prominently  forward  and  retreating  again  below  on  the 
bafic  of  the  shell.  Aperture  ovoid.  Columella  nearly  straight, 
slightly  thickened.  Inner  lip  reflected  on  the  body-whorL  Base 
oonvez.     Umbilicus  closed. 

Dimensions. — The  length  varies  from  2  or  3  mm.  up  to  about 
15  mm. 

Remarks, — The  protoconch  of  Adisina  is  a  very  distinctive  fea- 
ture. It  is  frequently  somewhat  irr^ular,  but  not  sinistral.  The 
initial  part  in  many  cases  appears  to  be  central,  and  the  whorl  coils 
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round  it  on  nearly  the  same  plane.  The  protoconch  does  not  always 
adhere  to  the  highest  whorl  of  the  conch,  hut  sometimes  stands  nearly 
erect  (as  in  PI.  Ill,  figs.  3a,  36) ;  at  other  times  it  is  hut  slightly 
(PL  IV,  figs.  13a,  b,  c)  or  not  at  all  raised '  (PL  IV,  figs.  14a,  b)  from 
the  spire,  which  it  occasionally  overhangs  (PL  IV,  figs.  12  a,  6).  The 
protooonohs  of  all  the  specimens  that  I  have  examined  are  invariahly 
smooth,  but  some  are  too  much  worn  to  show  any  signs  of  orna- 
mentation, even  if  it  had  originally  existed.  Where  the  apex  is  fairly 
preserved,  the  junction  of  the  protoconch  with  the  conch  is  marked 
by  a  faint  rib  or  varix ;  and  the  ornamenting  threads  begin  almost 
immediately,  and  are  similar  in  character  to  those  on  the  adult, 
though  less  numerous.  Whether  this  posterior  part  of  the  conch, 
or  whether  the  varix  at  the  junction,  represents  the  brephic  stage, 
it  is  difficult  to  ascertain ;  at  any  rate,  it  is  interesting  to  note  the 
early  development  of  the  characteristic  ornamentation.  Both 
Dr.  Jackson '  and  Mr.  6.  F.  Harris '  observe  that  characters  similar 
to  those  of  the  adult  frequently  appear  in  the  brephic  stage. 

Besemblanees, — ^The  genus  which  this  most  resembles  is  Streptads^ 
Meek  *  (non  Streptaxis^  Gray),  of  which  Str.  Whitfiddi,  Meek,  is  the 
type.  They  are  similar  in  general  form,  in  having  sigmoidal  lines 
of  growth,  and  in  possessing  an  irregular  protoconch.  They  differ  in 
StreptaeU  having  perfectly  smooth  whorls  instead  of  being  orna- 
mented by  spiral  lines  and  grooves,  and  also  it  is  not  stated  whether 
the  inner  lip  is  reflected  on  the  body-whorl  as  in  Aclisina,  These 
two  genera  are,  however,  evidently  closely  allied. 

AeUsina  is  very  like  Adisoides  in  general  appearance,  and  where 
aperture,  lines  of  growth,  and  protoconch  are  not  preserved,  it 
is  often  difficult  to  distinguish  between  the  two  genera ;  the  outline 
of  the  outer  lip  and  the  protoconch  are  seen  to  be  quite  distinct  in 
well-preserved  specimens.  In  the  character  of  the  outer  lip  Aclisina 
resembles  lioxonema,  but  it  differs  from  that  genus  in  being  orna- 
mented by  spiral  threads,  in  having  more  convex  whorls,  and  also 
in  the  form  of  the  protoconch. 

From  the  typical  TurritellidaD  the  genus  under  consideration  may 
be  distinguished  by  having  more  convex  whorls,  and  by  having  the 
aperture  of  a  different  shape.  Prof.  £.  Koken,'  however,  believes  it 
to  be  the  direct  forerunner  of  certain  TurriteUce,    It  certainly  bears 

'  It  is  a  question  whether  these  spedmens  with  the  protooonch  entirelj 
attached,  and  coiled  on  the  same  plane  as  the  rest  of  the  spire,  should  be  grouped 
with  the  typical  Aclisina,  Though  they  agree  with  the  genus  in  general 
appearance,  the  lines  of  growth  are  not  preserved  on  any  of  them,  and  it  is 
possible  that  they  may  be  more  closely  allied  with  the  subgenus  Bhabdoapira, 
which  has  straigbter  lines  of  grovrth.  We  are,  bowcTer,  ignorant  at  present  of 
the  form  of  the  protooonch  and  aperture  of  Rhabdospira, 

*  *  Phjlogeny  of  the  Pelecypoda,*  Mem.  Boston  Soc.  Nat.  Hist  toL  It,  no.  8, 
1890,  p.  290. 

'  'Oatal.  Tert  MoUusca  Brit  Mus.  (Nat.  Hist.),'  pt  i.  Australasia,  1897, 
p.  xiii. 

<  *  Descr.  of  New  Sp.  of  Foss.  from  Ohio  k  other  Western  States  k  Territories,' 
Proc.  Acad.  Nat  8ci.  PhU.  1871.  p.  173. 

»  *  Ueber  die  Entwickelune  der  Gastropoden  yom  Oambrium  bis  zur  Trias,' 
Nenee  Jahrb.  Beilage-Band  n  (1889)  p.  458. 

a  J.  G.  8.  No.  213.  B 
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a  great  likeDess  to  some  Mesozoic  forms,  such  as  the  Triassic  Turri- 
teUa  pcedopsis,  Kittl,*  T,  Bernards  Kittl,"  and  the  Liassic  T, 
[Mesalid]  Ouemheli,  von  Ammon,'  in  form,  ornamentation,  and  in  the 
stmcture  of  the  outer  lip. 

The  character  of  the  protoconch  greatly  resembles  that  of  Proma- 
ihildia,  Andre«e,  as  represented  by^Koken  *  and  Kittl,*  from  the 
St.  Gassian  Beds,  which  does  not  appear  to  be  heterostrophe  like 
that  of  Mathilda,  Semp.,  but  merely  irregular  and  partially  de- 
tached from  the  conch.  The  form  of  the  outer  lip  is  similar,  but 
the  aperture  of  Adisina  is  not  channelled  below  like  that  of 
Promaihildia, 

A  consideration  of  the  above-mentioned  points  of  comparison 
must  show  how  difficult  it  is  to  decide  in  which  family  this  genus 
should  be  classed.  De  Koninck  refers  it  to  the  Turbinidae,  with 
the  members  of  which,  however,  it  does  not  appear  to  me  to 
have  much  in  common.  In  his  'Handb.  der  Palaont.'  vol.  ii  (1881- 
85)  p.  188,  Zittel  also  places  it  in  the  TurbinidsB;  but  in  his 
later  work,  *  Grundziige  der  Palaont.'  1895,  p.  338,  he  includes  it 
in  the  ScalariidsB.  Fischer  (*Man.  Conch.'  1885,  p.  778),  Tryon 
('  Man.  of  Conch.'  vol.  viii,  p.  53),  and  Whidbome  (*  Monogr.  Dev. 
Fauna,'  Pal.  Soc.  vol.  iii,  pt.  i,  1896,  p.  152)  refer  it  to  this  last- 
named  family,  and  Fischer  considers  it  identical  with  HolopeUa ; 
but  it  differs  in  being  ornamented  by  spiral  striae,  instead  of  being 
smooth  or  having  longitudinal  ribs.  8.  A.  Miller  (G^eoL  Surv. 
Indiana,  17th  Ann.  Eep.  1891,  p.  695)  gives  it  a  place  in  the 
Turritellidse,  where  it  seems  advisable  to  let  it  remain  for  the 
present,  as  it  appears  to  combine  characteristics  both  of  the  Turri- 
tdlcB  of  the  older  rocks  and  also  of  Promathtldia.  There  is  a 
difference  of  opinion  as  to  the  position  of  the  latter  genus ;  some 
place  it  in  the  Turritellidse,  while  others  class  it  in  the  Cerithiid«B, 
and  others  again  in  the  Pyramidellidse.  Adisina  differs  from  the 
CerithiidsD  in  not  having  a  channelled  aperture.  It  agrees  with 
the  Pyramidellidse,  as  defined  by  Zittel,*  in  the  outer  lip  being 
sigmoidal  and  in  possessing  an  irregular  protoconch. 

Mange, — In  the  present  state  of  our  knowledge  it  is  almost  impos- 
sible to  ascertain  the  exact  range  in  time  and  space  of  Aclisina,  for 
the  distinction  between  the  members  of  the  genus  and  other  small 
spirally-striated  shells  has  not  hitherto  been  noted.  Eoken  ('  Die 
Leitfossilien,'  1896,  p.  Ill)  states  its  range  as  being  from  the 
Carboniferous  to  the  Permian.    He  considers  the  American  forms 

*  '  Die  Gastr.  der  Sohichten  von  St.  Oasuan  der  siidalpinen  Trias/  Annal. 
k.-k.  naturhist.  Hofmus.  toL  rii  (1892)  p.  55  k  pi.  yi,  fig.  1. 

'  '  Die  triadisohen  Gaatr.  der  Bfarmolata  u.  verwaadter  Fundstellen  in  den 
weiflsen  Biffkalken  Sudtirols/  Jahrb.  k-k.  geol.  Beichsanst.  yol.  xliy  (1894) 
p.  149  &  pi.  yi,  fig.  24. 

*  '  Qastr.  aus  dem  Plattenkalk,'  Abh.  sool.  min.  Yer.  Begensburg,  yol.  zi 
(1878)p.  59 &  pi.  i.  figs.  I2a-e. 

*  '  ueber  die  Bntwiokelung  der  Gkistr.  yom  Oambriam  bis  £ur  Trias,'  Neues 
Jahrb.  Beilage-Band  yi  (1889)  p.  459,  fig.  25. 

'  '  Die  Gastr.  der  Sohichten  von  St  Gassian  der  siidalpinen  Trias,'  Annal. 
k.-k.  naturhist.  Hofmus.  yol.  ix  (1894)  p.  224  &  pi.  is,  fig.  36. 

*  '  Grundziige  der  Palaont'  1895,  p.  340. 
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from  the  Upper  Coal  Measures  as  probably  of  Permian  age.  The 
genus  is,  however,  older  than  the  Carboniferous,  for  two  Devonian 
species  have  been  described :  one.  A,  longusima^  by  the  Rev.  G. 
F.  Whidborne  from  the  Pilton  Beds,  the  other,  A,  muUioristcUa^  by 
D.  P.  (Ehlert  from  France. 

It  appears  to  have  been  most  numerous  in  the  Carboniferous 
Period,  and  I  am  here  describing  fourteen  British  species  and  five 
varieties  of  that  age.  Some  of  these  have  been  previously  described, 
though  not  always  referred  to  Admna,  namely: — A,el(mgata,  Flem.; 
A,  cottatula,  Don. ;  A,  grantonensis  was  referred  by  R.  Etheridge, 
Jun.,  doubtfully  to  Murchisonia  ttriatulay  De  Eon.,  as  was  also 
A.  tenuistriata  by  me;  Loxonema  suleatula^  MK)oy,  has  the  ap- 
pearance of  a  species  of  Adisina,  but  it  is  known  only  by  somewhat 
imperfect  moulds  of  the  exterior ;  Loxonema  polygyra,  M*Coy,  is  * 
probably  identical  with  one  of  the  varieties  of  A,  elongata,  Flem. ; 
Turritdla  triserialis^  Phil.,'  and  T,  adcuUiy  Phil.,'  may  possibly 
belong  to  this  genus,  but  the  types  appear  to  be  lost,  for  they 
are  not  in  the  Gilbertson  Collection.  There  is  one  specimen  in 
this  coUection  marked  T,  acicula  from  Otterbum,  but  it  is  not  the 
type,  and  the  surface  is.  too  imperfect  to  discern  what  it  really  is. 
A.  putchra^  var.  tenuis^  De  Kon.,  has  not  hitherto  been  recorded 
as  a  British  species. 

In  Belgium  there  have  been  described  A  pvkhra,  De  Eon.,  and 
the  variety  tenuis,  De  Kon.  Another  species,  A,  gemnuUa*  has 
been  figured  by  De  Koninck,  but  not  described ;  the  lines  of  growth, 
liowever,  on  the  figure  appear  to  be  too  straight  for  Adisina. 

Eichw4d  *  describes  and  figures  two  small  spirally-striated  shells 
from  Russia  as  Turritdla  aeus  and  T,  epictdum  which  should  pro- 
bably be  referred  to  this  genus. 

In  America  nine  Carboniferous  species  have  been  described 
which  may  belong  to  Adisina^  namely,  Adisina  hdlilineatOy  Miller, 
Adis  robusta,  Stevens,  A,  minuta^  Stev.,  Adis  (?)  Stevensoni^ 
White,  Murdiisonia  minima^  Swallow,  Turritetta  ?  Stevensana^  Meek 
&  Worthen,  Loxonema  qitadri-carinatum^  Worthen,  L,  aeuiula^ 
Dawson,  and  TurbontUa  SivaUowiana^  Geinitz.  Of  these  A  helU- 
lineata^  Mill.,  Adis  robusta,  Stev.,  and  Turritdla  (?)  Stevensana, 
M.  &  W.,  are  represented  as  having  the  sigmoidal  lines  of  growth 
and  lineated  whorls  characteristic  of  Aidisina.  In  Twionilla 
SwdUowiana^  GFein.,  the  greatest  sinuosity  of  the  lines  of  growth 
appears  to  be  situated  lower  on  the  whorls  than  in  the  typical 
Adisina.  The  lines  of  growth  are  not  given  on  Los^nema 
aeutuia,  Daws.,  nor  on  L.  ^[uadri-earinatum^  Worth. ;  the  former 
has  the  general  appearance  of  Adisina^  but  the  latter  has  more 
flattened  whorls  than  usual,  and  may  possibly  belong  to  the  genus 
Orihonema.  Adis  (?)  Stevensani^  White,  greatly  resembles  A  robusta, 
Stev.  No  figures  are  given  of  Murchisonia  minima,  Swall.,  nor 
of  Adis  minuta,  Stev. 

'  'Oeol.  Yorkt.'  toL  u  (1836)  p.  229  &  pL  xri,  fig.  26. 

>  Ibid,  p.  229  &  Dl.  zri,  fig.  28. 

>  « F^ane  Oalo.  O&rb.  Bdg/  vol.  viu,  pt  It  (1883)  pL  TTTiii,  figs.  43  &  44. 
'  •  Leih.  Bom.'  vol.  i  (I860)  pp.  1120, 1121  &  pL  idii,  flgi.  4  &  6. 
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Descbiptiox  of  the  British  Spbcisb. 

AoLisnrA  pulohba,   Do  Kon.,  yar.   tenuis,  De  Kon.     (PI.  Ill, 
figs.  1-5.) 

Aelisina  pulckra,  L.  G.  De  Koninck,  1881, '  Faane  Calc  Carb.  Belg/  Ann.  Mns. 
Roy.  Hist.  Nat.  Belg.  voL  vi,  pt.  iiifP*  87  &  pL  vii,  figs.  26  ft  27. 

ifurchUonia  tenuis,  L.  G.  De  Koninck,  1883,  t^ict.  voL  viii,  pt.  iv,  p.  22  ft 
pL  xzxii  big  figs.  3  ft  4. 

Description, — Shell  small,  conical,  composed  of  from  eight  to  ten 
whorls.  Protoconoh  irregular,  consisting  of  about  one  complete 
smooth  revolution,  detached  from  the  spire  on  the  umbilical  region, 
and  standing  nearly  erect ;  a  faint  rib  marks  its  junction  with  the 
conch,  and  the  ornamenting  threads  begin  almost  immediately. 
Whorls  convex  below,  rather  flat  above,  ornamented  by  from  one 
to  three  somewhat  fine  raised  threads  on  the  upper  third,  and  by 
from  three  to  five  stronger  threads  on  the  lower  two-thirds,  with 
numerous  additional  finer  threads  below  on  the  body-whorl,  some 
of  which  are  occasionally  visible  on  the  spire  below  the  stronger 
threads.  The  spaces  between  the  threads  vary  slightly  in  width 
on  difierent  individuals.  The  lines  of  growth  show  the  strongly 
sigmoidal  form  of  the  outer  lip,  which  recedes  above  and  comes 
prominently  forward  below.  Aperture  ovoid.  Inner  lip  reflected 
on  the  body-whorl,  where  it  forms  a  thin  sheUy  layer.  Columella 
nearly  straight,  but  curving  round  below  to  meet  the  outer  lip. 
UmbUicus  closed. 

Memarlcs, — The  actual  specimen  figured  by  De  Koninck  as  the  type 
of  Aelimna  pulchra  in  the  Brussels  Museum  is  much  larger  than  any 
of  the  Scottish  shells  that  I  have  seen,  but  approaches  them  nearly 
in  general  form  and  in  ornamentation.  The  figures  and  description 
of  De  Koninck  represent  the  various  ornamenting  threads  as  equal 
in  strength,  whereas  in  reality  on  the  lower  part  of  the  spire  the 
three  upper  threads  are  finer  than  the  four  lower  ones  and  there 
are  several  additional  fine  threads  on  the  body- whorl ;  on  the  higher 
part  of  the  spire  only  one  of  the  fine  upper  threads  is  present, 
situated  just  below  the  suture. 

The  collection  of  M.  le  Chanoine  de  Dorlodot  contains  an  indi- 
vidual of  still  greater  size,  whose  aperture  is  almost  entire  and  the 
form  of  the  outer  lip  is  seen  to  accord  with  the  lines  of  growth  on 
the  British  fossils. 

Murchisonia  tenuis,  De  Kon.,  appears  to  be  a  small  variety  of 
this  species,  for  the  contour  of  the  whorls  and  the  ornamentation 
agree  with  that  of  the  upper  part  of  the  spire  of  A,  ptUchra,  The 
specimen  figured  by  De  Koninck  as  the  t}'pe  has  only  three  strong 
keels  on  the  lower  part  of  the  whorl  and  a  single  fine  one  above^ 
immediately  below  the  suture.  The  different  examples  on  the  tablet 
in  the  Brussels  Museum,  however,  show  the  same  variation  in  the 
strength  and  disposition  of  the  keels  as  the  Scottish  shells,  and 
they  also  agree  more  nearly  in  size. 

Since  the  specimens  from  Scotland  bear  a  closer  resemblance  to 
M.  tenuis  than  to  the  typical  A,  pulchra^  I  consider  it  advisable  ta 
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retain  the  name  tenuis  for  them  and  the  small  Belgian  shells  which 
were  originally  so  called,  and  to  r^ard  them  as  a  distinct  variety 
of  A,  pidchra. 

The  contonr  of  the  whorls  varies  in  different  individuals,  some, 
especially  those  with'  coarser  ornamenting  threads,  heing  more 
angular  than  others  with  finer  threads.  The  spiral  angle  also 
shows  a  considerahle  amount  of  variation,  so  much  so  that  the 
two  extremes  without  the  intervening  forms  might  be  regarded  as 
-distinct  species. 

Two  or  three  small  specimens  from  Swindridge  and  one  from 
Law  vary  so  markedly,  in  being  much  more  slender,  that  they 
Appear  to  constitute  a  distinct  variety,  for  which  1  would  suggest  the 
varietal  name  intermedia.  They  are  immature,  but  if  fiiUy  grown 
it  is  unlikely  that  the  spiral  angle  would  equal  that  of  the  type. 
They  are  intermediate  in  form  between  A.puUhra  and  A,  eostattda. 

Betemilances. — Thin  species  somewhat  resembles  Adisoidee  ttria- 
tuUiy  but  it  is  more  robust,  the  whorls  are  generally  more  angular, 
there  is  no  slit  in  the  outer  lip,  and  the  form  of  tbe  protoconch  is 
different.  It  is  also  like  Loxonema  gulcatvda^  M'Goy,^  but  it  is 
difficult  to  make  a  just  comparison  with  that  species  as  it  is  only 
represented  by  three  imperfect  external  moulds.  The  ornamenta- 
tion and  form  of  the  protoconch  are  very  similar  to  those  of 
A,  eostatula ;  but  the  latter  has  not  the  numerous  additional  threads 
on  the  body-whorl,  and  it  is  abo  much  more  slender. 

Dimensions. — As  before  stated,  the  Belgian  type  of  this  species 
is  much  larger  than  the  Scottish  examples;  it  has  seven  whorls 
preserved,  whose  length  =  12  mm.  The  specimen  belonging  to 
M.  de  Dorlodot  has  ten  whorls  in  a  length  of  13|  mm.  The 
type  of  Murchisonia  tenuis  has  eight  whorls  in  a  length  of  8  mm. 
The  most  perfect  Scottish  specimen  (PL  III,  %•  1)  that  I  have  seen 
oonsiats  of  ten  whorls,  its  length  s  7  mm.,  width  =  2  mm.  It  is 
from  Swindridge,  and  is  in  the  collection  of  Mr.  James  Thomson. 
The  shell  represented  in  PI.  Ill,  fig.  2,  consists  of  seven  and  a  half 
whorls  in  a  length  of  4}  mm.,  its  width  =  nearly  2  mm.  It  is 
from  Bobroyston  and  is  in  the  collection  of  Mr.  Neilson.  Another 
individual  with  greater  spiral  angle  and  fewer  and  stronger  oma- 
moiting  threads  is  in  my  own  collection  from  Craigenglen ;  it  has 
five  whorls  in  a  length  of  3  mm.,  and  its  width  =»  1 J  mm.  (PI.  Ill, 
fig.  2  a).     Other  examples  would  be  larger  if  entire. 

The  variety  intermedia  from  Law  is  in  Mr.  Bonnie's  collection ; 
it  consists  of  eight  whorls  besides  the  protoconch,  its  length's 
2|  mm.,  width  s  about  |  mm.  (PI.  Ill,  figs.  5  &  5a).  A  specimen  of 
this  variety  from  Swindridge  has  the  protoconch  larger  and  more 
orbicular  than  usuaL 

Locality  and  Horizon. — ^This  species  has  a  wide  range,  occurring 
in  the  Calciferoos  Sandstone  Series  (d*)  at  Banderstone,  Fife ;  in 
the  Lower  Limestone  Series  (d*)  at  Craigenglen  and  at  Law,  Dairy, 
And  in  the  Upper  Limestone  Series  (d*)  at  Swindridge ;  BaesgiU, 

1  'fi|yn.  Char.  Oarb.Foi8.  IreL'1844,p.90&pLv,  fig.6. 
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Carluke  ;  Bowertrapping ;  Bobroyston ;  Auchenbeg,  Lesmahagow  ; 
and  at  Glencart,  Dairy.  It  is  remarkably  abundant  at  Swindridge,^ 
from  which  locality  I  have  seen  about  thirteen  specimens  with  the 
protoconch  more  or  less  intact.  Examples  with  the  protoconch  alsa 
occur  at  Law,  Baesgill,  and  Bowertrapping. 

The  Belgian  specimens  are  all  from  Toumai,  and  none  that  I 
have  examined  retain  the  protoconch. 

AcLisiNA  BLONGATA,  Plcming.    (PI.  HE,  figs.  6-10.) 

Terebra  or  Thirbo  clavicula  longisaima,  pan,  D.  Ure,  1793, '  History  of  Ratherglen 
A  E.  Kilbride/  p.  308  &  pi.  liv,  fig.  11. 

TurHtella  eUngata,  J.  Fleming,  1828, '  Brit.  Animals,'  p.  305 ;  H.  O.  Bronn,  1848, 
•Index  Paloont.^p.  1333;  T.  Brown,  1849,  'lUustr.  Fom,  Conch.  Or.  Brit.  St 
Irel.'  D.  71 ;  J.  Morris,  1864,  *Cat.  Brit.  Foss.*  p.  284;  J.  J.  Bigsbj,  1878,  'Thes, 
I>ev.-Carb.*  p.  836 ;  R.  Etheridge,  1888,  *  Foss.  of  Brit.  Is.'  vol.  i.  Pal.  p.  308. 

TLoMmema  pol^ffyra,  M*Coy,  1844^  *  Syn.  Char.  Carb.  Foss.  Irel.'  p.  30  &  pL  iii^ 
fig.l. 

MurehUonia  elongata,  J.  Armstrong,  J.  Young,  ft  D.  Robertson,  1876,  '  Cat.  of 
W.  Scot.  Foss.'  p.  66. 

Acl%9%na  elongatoj  J.  Donald,  1886,  *Carb.  Caster,  from  Penton,  etc.*  Trans.. 
Cumberl.  k  WestmorL  Assoc  no.  iz,  p.  132  ft  pi.  ii,  figs.  3, 4»  4  a  ft  4  6. 

Descrvpticn, — Shell  small,  elongated,  conical,  composed  of  ahout 
sixteen  whorls.  Protoconch  of  the  type  imperfectly  known,  the 
anterior  portion  elevated  and  showing  a  faint  rib  at  its  junction 
with  the  conch,  upon  which  the  ornamenting  threads  begin  imme- 
diately. Whorls  convex  below,  rather  flat  above.  The  convex 
part  is  ornamented  by  from  five  to  seven  raised  threads,  the 
flat  part  by  two  threads,  one  situated  a  short  distance  above  the 
lower  ones,  the  other  just  below  the  suture,  one  or  both  of  these 
frequently  absent ;  one  or  more  additional  threads  on  the  body- 
whorl.  Sutures  deep.  Aperture  subovoid.  Inner  lip  reflected  on 
the  body-whorl.    Columella  simple.    Base  convex,  imperforate. 

Eemarks. — When  I  wrote  my  paper  on  the  '  Carboniferous 
Qasteropoda  from  Penton '  I  was  not  aware  of  the  existence  of 
the  lire  Collection,  and  I  then  regarded  an  elongated  spiral  shell 
collected  by  Dr.  John  Young,  from  the  same  horizon  as  Ure'a 
specimens,  as  the  type  of  Turriulla  eUmgata,  1  afterwards  heard 
of  the  collection  being  preserved  in  the  rooms  of  the  Koyal  Society^ 
Edinburgh,  and  through  the  kindness  of  Mr.  Gordon  I  obtained 
access  to  it. 

In  his  'History  of  Rutherglen  &  E.  Kilbride/  1793,  p.  308,  the 
Eev.  D.  lire  briefly  describes  this  species  as  'striated  spirally,^ 
and  states  that  it,  with  another  shell  which  is  *  striated  trans- 
versely '  (Loxonema  Urei^  fig.  7),  'is  found  in  a  recent  state  on  all 
the  shores  of  Europe.  The  till  in  which  they  are  enveloped  lies 
between  the  two  strata  of  limestone  at  Stuartfield  and  Laurieston. 
Many  specimens  are  no  thicker  than  a  fine  thread,  and  about  -jV 
inch  in  length.  By  a  microscope  they  are  found  to  be  equally 
perfect,  and  to  contain  the  same  number  of  spires  with  the  largest 
specimens.'  He  calls  both  species  Terebra  or  Turbo  elavictda 
Imgissima,  Lat«r,  in  1828,  Fleming,  in  his  '  British  Animals,' 
p.  305,  names  the  spirally-striated  shell  Turritella  elongata,  but  he 
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neither  describes  it  more  folly  nor  gives  a  new  figure.  The  original 
figure  does  not  show  the  arrangement  of  the  ornamenting  striaa, 
and  upon  examination  of  the  actual  specimens  I  found  that  several 
distinct  spirally-striated  shells  had  been  included  under  one  specific 
name.  There  are  fragments  of  the  form  I  described  as  A,  elmgata^ 
Eleming,  one  of  which  consists  of  four  and  a  half  whorls,  the 
upper  i>art  of  the  spire  being  broken,  its  length  =b1|  mm.,  width 
a  about  I  mm.  To  prevent  confusion  I  have  thought  it  ex- 
pedient to  retain  this  shell  as  the  type  of  A.  elongata.  Besides 
this  species  there  are  representatives  of  shells  I  have  described  as 
A,  eostatula,  A.  attenwUay  A,  pulchra  var.  tenuis^  as  well  as  a 
specimen  which  I  regard  as  a  variety  of  A.  dongata. 

The  type  of  A,  dongata  has  five  or  six  raised  threads  on  the 
lower  convex  part  of  the  whorl,  with  equal  spaces  between  them, 
and  two  threads  on  the  upper  flattened  part,  with  wide  spaces 
between  them,  one  a  short  distanoe  above  the  lower  threads,  and 
the  other  immediately  below  the  suture.  One  or  both  of  these  upper 
threads  is  frequently  absent.  It  is  worthy  of  remark  that  this 
lack  of  ornament  on  the  upper  part  of  the  whorl  b  not  a  peculiarity 
of  this  species  alone,  but  it  may  be  frequently  observed  in  others. 
It  is  impossible  to  say  whether  this  portion  of  the  ornamentation 
was  not  originally  present,  or  whether  its  absence  arises  from  wear 
either  in  the  natural  state  or  subsequent  to  fossilization. 

In  beds  where  this  species  is  abundant  there  is  a  certain  amount 
of  variation  from  the  type  in  the  strength,  disposition,  and  number 
of  the  ornamenting  threads,  and  I  here  note  under  distinct  names 
two  well-marked  varieties.  A  fragment  of  one  (PL  III,  fig.  9)  is 
preserved  in  the  Ure  Collection ;  six  whorls  are  intact  and  have  a 
length  of  2  mm.,  width  of  about  1  mm.  There  are  six  or  seven 
threads  on  the  convex  part  of  the  whorl,  rather  finer  than  those  on 
the  type,  and  with  narrower  spaces  between,  with  the  exception  of 
the  uppermost  space,  which  is  wider  and  is  about  equal  to  that  next 
above  on  the  flat  part  of  the  whorl ;  in  other  respects  this  variety 
is  similar  to  the  type.     I  would  suggest  for  it  the  name  varians. 

The  other  variety  has  the  threads  separated  by  wider  spaces 
above  and  below,  with  a  band  of  two  or  three  fine  threads  separated 
by  narrower  spaces  between.  Otherwise  it  agrees  with  the  type. 
It  may  be  called  cingulata  (PL  III,  figs.  10  &  10  a). 

A  small  specimen  (PL  UI,  figs.  7  a,  6  &  c)  in  Mr.  John  Smith's 
collection  from  Crawfield  has  the  protoconch  entire ;  the  whole  shell 
is  contorted,  and  the  apex  is  mudi  worn.  The  protoconch  is  more 
or  less  orbicular,  smooth,  and  detached  from  the  highest  whorl  of 
the  spine  on  the  umbilical  region.  Its  junction  with  the  conch  is 
indicated  by  a  faint  rib,  but  the  commencement  of  the  spiral  threads 
is  not  seen. 

The  spiral  angle  also  varies  to  some  extent. 

Loxanema  polygyra^  M*Coy  (PL  III,  fig.  11),  is  probably  identical 
with  this  species  and  more  nearly  agrees  with  the  type  than  the 
varieties.  There  is  but  one  specimen  in  the  Museum  of  Science 
and  Art,  Dublin.    It  is  partly  embedded  in  the  matrix  of  shale, 
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and  consists  of  eleven  whorls  in  a  length  of  4|  mm.  It  occurs  in 
arenaceous  shale  at  Cullion,  Draperstown,  about  the  horizon  of  the 
lower  part  of  the  Carboniferous  Limestone. 

Locality  and  Horizon. — ^The  largest  specimen  (PI.  Ill,  figs.  6  &  6a) 
is  from  the  Carboniferous  rocks  (d*)  at  Penton ;  it  consists  of 
thirteen  whorls,  the  apex  is  broken,  and  there  are  traces  of  three 
additional  whorls  in  the  matrix.  Its  length  =  8  mm.,  width 
=  2|  mm.  I  have  also  several  smaller  specimens  from  the  same 
locality.  Other  examples  are  found  in  the  Lower  Limestone 
Series  (d*)  at  Law,  Craigenglen,  Capelrig,  High  Blantyre,  and 
Brankam  Hall ;  this  last  place  is  the  '  lAurieston '  of  lire.  It 
occurs  in  the  Upper  Limestone  Series  (<£')  at  Glencart,  Dairy,  and 
at  Boghead,  Hamilton ;  also  in  the  Calciferous  Sandstone  (d  ^)  at 
Itanderstone,  Fife. 

The  variety  variant  is  from  the  Lower  Limestone  Series  (d ')  at 
Craigenglen  and  Capelrig,  as  well  as  from  Laurieston.  The  variety 
dngulata  is  found  in  the  Lower  Carboniferous  at  Penton ;  the 
Lower  Limestone  Series  {d*)  at  Craigenglen,  Crawfield,  and 
Capelrig ;  and  also  in  the  Upper  Limestone  Series  (<£')  at  Glencart 
and  Boghead.  A  specimen  from  Penton  measures  5|  mm.  in  length 
and  1|  mm.  in  width.  Another  individual  (PI.  Ill,  figs.  10  <&  10a) 
is  from  Glencart.     Its  length  =:  3  mm. 

AoLisnrA  costatula,  Don.     (PL  ITT,  figs.  12-15.) 

Aelisina  eottatula,  J.  Donald,  1886,  'Garb.  Gaster.  from  Penton,  etc'  Traofl. 
Cumberl.  &  Westmorl.  Assoc,  no.  ix,  p.  183  &  pi.  ii,  figs.  6  &  6a. 

Terebra  or  Turbo  davieula  longUHma  (pars),  D.  Ure,  1793, '  Histoiy  of  Rather^ 
glen  &  E.  Kilbride,'  p.  808,  pi.  xiv,  fig.  11. 

TurriUlla  eUmgata  (pan),  J.  Fleming,  1828,  *  Brit.  Animals/  p.  306. 

Description, — Shell  small,  slender,  conical,  composed  of  about 
fourteen  whorls  in  the  adult.  The  protoconch  consists  of  about  one 
complete  smooth  revolution,  nearly  orbicular  in  outline,  detached 
from  the  highest  whorl  of  the  spire  below,  with  which  it  forms  an 
acnte  angle ;  its  junction  with  the  conch  is  indicated  by  a  faint  rib. 
Whorls  more  or  less  convex,  increasing  graduallj'.  The  lower  part 
of  the  whorl  is  ornamented  by  ^^e  threads ;  the  two  upper  are 
generally  the  strongest,  but  sometimes  the  third  is  equally  strong; 
the  lowest  is  the  finest,  and  is  frequently  hidden  beneath  the  suture 
on  the  higher  whorls ;  there  are  occasionally  one  or  two  additional 
fine  threads  on  the  body-whorl.  On  the  upper  part  of  the  whorl 
there  is  a  fine  thread  below  the  suture,  which  is  sometimes  absent ; 
the  widest  space  lies  between  it  and  the  uppermost  of  the  five 
threads.  Aperture  rounded.  Columella  simple,  nearly  straight. 
Inner  lip  reflected  on  the  body-whorl.  Baf^e  convex.  Umbilicus  clewed. 

Besemhlances. — This  shell  resembles  A,  eUyiigata,  Flcm.,  but  the 
keels  with  which  it  is  ornamented  are  Btronger  and  less  numerous, 
and  the  spiral  angle  is  smaller.  It  also  bears  a  likeness  to  A,  pulchra 
var.  intermedia^  but  is  still  more  slender  and  less  robust.  It  is 
somewhat  similar  to  A.  hellilineatay  Miller;  the  figure  of  this  species 
is  not,  however,  sufficiently  distinct  for  accurate  comparison. 
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Locality  and  Horizon. — My  own  collection  contains  firo  specimens 
from  the  Lower  Carboniferous  of  Peuton,  the  largest  of  which  con- 
sists of  twelve  whorls,  whose  length  s  6  mm.  The  specimen  figured 
(PL  III,  fig.  12)  has  the  surface  better  preserved ;  its  apex  is  broken, 
And  only  nine  whorls  remain,  of  which  the  length  =5  mm.,  width  »■ 
barely  1|  mm.  Other  examples  occur  in  the  I^wer  Limestone  Series 
((P)  at  Law,  Dairy  ;  Gapelrig ;  Craigenglen ;  Cunninghambaid- 
land ;  High  Blantyre ;  and  Brankam  Hall.  There  are  several  frag- 
ments of  this  species  in  lire's  collection  at  the  Royal  Society's 
rooms,  Edinburgh.  A  specimen  (PL  III,  figs.  13,  14  a,  6  &  c)  from 
Law,  in  the  collection  of  Dr.  Hunter-Selkirk,  is  remarkable  for 
having  the  protoconch  preserved,  but  the  surface  is  much  worn; 
it  consists  of  thirteen  whorls  in  a  length  of  barely  4^  mm.,  and 
its  width  equals  rather  less  than  1  mm.  An  individual  from  the 
same  locality  in  Mr.  Bennie*s  collection  consists  of  fourteen  whorls ; 
its  length  is  nearly  4^  mm.  Though  the  aperture  is  very  imperfect, 
it  appears  to  give  evidence  of  the  reflection  of  the  inner  lip  on  the 
body-whorl. 

This  species  also  occurs  in  the  Upper  Limestone  Series  (cP)  at 
•Glencart,  Dairy. 

There  is  a  distinct  variety  which  has  a  smaller  spiral  angle  and 
more  elongated  form,  for  which  I  would  suggest  the  varietal  name 
dubia.  The  largest  specimen  of  it  figui'ed  (PL  III,  fig.  15)  is  from 
€raigenglen,  in  the  collection  of  Mr.  Thomson ;  it  has  seven  whorls 
preserved,  the  apex  being  broken,  and  measures  6^  mm.  in  length 
and  2  mm.  in  width.  I  have  a  much  smaller  example  in  my  own 
■collection  from  the  neighbourhood  of  Glasgow :  its  length  =  2^  mm., 
width  S3 1  mm. ;  it  shows  the  reflection  of  the  inner  lip.  These 
specimens,  as  well  as  others  from  East  Kilbride  and  Gunningham- 
baidland,  occur  in  the  Lower  Limestone  Series  (d*). 

A  small  fragment  from  the  Upper  Limestone  Series,  Glencart, 
which  is  probably  this  variety,  has  a  portion  of  the  protoconch 
preserved  ;  it  shows  that  the  ornamenting  threads  commence  on  the 
<conch  immediately  after  its  junction  with  the  protoconch. 

ACUSIHA  8IMILIS,  sp.  uov.     (PL  III,  fig.  16,  &  PL  IV,  fig.  1.) 

Description, — Shell  elongated,  conical,  composed  of  more  than 
«ight  whorls.  Whorls  increasing  gradually,  flattish  in  outlinct 
barely  convex.  Ornamentation  consisting  of  five  strong  threads 
near  the  middle  of  the  whorl,  and  two  or  three  finer  ones  below, 
with  several  additional  fine  threads  on  the  body-whorl ;  the  spaces 
between  the  strong  threads  are  the  widest.  Sutures  moderately 
4eep.  Aperture  subovoid.  Golumella  simple,  nearly  straight. 
Base  convex,  imperforate. 

Etsemhlances.  —  This  species  bears  some  likeness  to  A,  pulchra  in 
the  character  of  the  ornamentation,  but  it  is  distinguished  by  its 
more  elongated  form,  flatter  whorls,  and  smaller  spiral  angle. 

Dimennons, — There  are  six  specimens  in  Mr.  Bennie's  collection. 
The  largest  (PL  IV,  fig.  1)  has  both  apex  and  base  broken,  leaving 
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seven  and  a  half  whorls,  whose  length  s  about  8}  mm.,  width 
=2^  mm.  The  smaller  example  (PL  III,  fig.  16)  has  five  whorls 
preserved,  of  which  the  length  =5  mm.,  width  =  1|  mm. ;  its  whorls^ 
are  slightly  more  exsert,  and  therefore  appear  higher  in  proportion 
to  the  width  than  the  others. 

Locality  and  Horizon, — Law,  Dairy,  in  the  Lower  Limestone 
Series  (eP).  Mr.  Neilson  possesses  one  specimen  from  the  Upper 
Limestone  Series  of  Glencart,  Dairy  (d*). 

A  shell  in  the  collection  of  M.  Destinez  at  Li^ge,  from  Yis^. 
strongly  resembles  this  species ;  the  lines  of  growth  are  distinctly 
preserved  on  it,  and  are  those  characteristic  of  the  genus,  being 
sigmoidal,  and  coming  prominently  forward  below. 


AOLISINA  ATTE9UATA,  Sp.  nOV.      (PI.  lY,  figS.  2  &  3.) 

Terebra  or  Turbo  clavicula  Umgissima  (pan),  D.  Ure,  1793,  *  History  of  Rather-- 
glen  A  E.  Kilbride,'  p.  308  &  pL  xiv,  fig.  11. 

TurriUlla  elongata  (pars),  J.  Fleming,  1828,  *  Brit.  Animals,'  p.  306. 

Description. — Shell  slender,  elongated,  composed  of  more  than 
nine  whorls.  Whorls  rather  wide  in  proportion  to  the  height^ 
convex  below,  flat  or  slightly  concave  above,  increasing  very  gra- 
dually. Whorls  ornamented  on  the  lower  two-thirds  by  five  raised 
threads,  the  two  uppermost  of  which  are  the  strongest  and  farthest 
apart ;  there  are  several  additional  fine  threads  on  the  body-whorl ;. 
the  upper  third  of  the  whorl  is  smooth,  or  sometimes  there  is  a  very 
fine  thread  near  the  middle.  Sutures  not  much  inclined.  Base 
convex.  Aperture  rounded.  Columella  nearly  straight,  slightly 
thickened. 

Bemarks, — None  of  the  specimens  that  I  have  examined  have  the 
protoconch  entire.  One  has  a  small  portion  preserved  showing 
the  junction  with  the  conch,  upon  which  the  ornamenting  threads 
commence  almost  immediately. 

Resemblances, — This  shell  strongly  resembles  A,  dongata  var.. 
varians  in  its  ornamentation,  but  the  space  between  the  twa 
strongest  threads  is  greater,  and  the  fine  threads  below  are  not  so 
numerous.  It  also  differs  in  having  a  smaller  spiral  angle.  It 
bears  some  likeness  to  A,  costatuUi  in  its  slender  form,  but  the  twa 
upper  threads  are  much  stronger  in  comparison  with  the  lower  ones. 
It  appears  to  be  a  well-marked  form  intermediate  between  these 
two  species. 

Locality  and  Horizon, — There  are  six  specimens  in  the  Ure  Col- 
lection in  the  rooms  of  the  Eoyal  Society  of  Edinburgh.  One  has 
five  whorls  preserved  whose  length  s=2  mm.,  width  =  rather  lesa 
than  1  mm.  There  are  specimens  from  High  Blantyre  in  my  own 
collection,  given  me  by  Dr.  Young,  and  in  Dr.  Hunter-Selkirk's 
collection  from  East  Kilbride.  The  latter  also  possesses  examples 
firom  Brankam  Hall.  In  the  collection  of  Mr.  Neilson  there  are 
several  individuals  from  Capeliig.  All  the  above  are  from  the^ 
Lower  Limestone  Series  (ci').    It  also  occurs  in  the  Upper  lime- 
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stone  Series  (cT)  at  Glencart  and  at  Gare  near  Carluke.  Dr.  Hunter- 
Selkirk  and  Dr.  Young  have  specimens  in  their  collections  from  the 
former  locality,  and  I  also  have  some  given  me  by  Dr.  Young,  one 
of  which  is  figured  (PI.  IV,  fig,  2) ;  it  has  nine  whorls  preserved, 
and  its  length  =3  mm.,  width  =^  mm. 

ACLISINA  ACICFLATA,  Sp.  nOV.      (PI.  IV,  figS.  4-6.) 

Description, — Shell  slender,  very  elongated,  composed  of  about 
fifteen  gradually-increasing  whorls.  Whorls  convex,  the  lower 
two-thirds  ornamented  by  four  or  five  sharp  raised  threads;  the 
lowest  of  these  threads  appears  just  above  the  suture  on  the  anterior 
part  of  the  spire,  but  is  hidden  on  the  posterior  part ;  there  is  some- 
times an  additional  fine  thread  below  on  the  body- whorl,  and  also 
one  above  just  below  the  suture.  The  spaces  vary  slightly  in  width 
on  different  individuals :  on  some  the  widest  is  that  between  the 
third  and  fourth  threads,  on  others  it  is  between  the  fourth  and 
fifth,  while  on  others  again  the  three  lower  spaces  are  nearly  equal 
and  the  uppermost  is  narrower.  Lines  of  growth  sigmoidal  and 
very  oblique.  Sutures  deep.  Apertiire  rounded,  inner  lip  reflected 
on  the  body-whorl.  Columella  nearly  straight,  slightly  thickened. 
Base  convex,  imperforate. 

Resemblances, — From  A,  costatula  this  species  is  distinguished  by 
its  very  attenuated  form,  by  the  greater  convexity  of  the  whorls, 
and  by  the  ornamenting  threads  being  finer  and  sharper.  A  young 
specimen  (PI.  IV,  figs.  6  a,  6  &  c)  having  the  protoconch  entire  is  so 
much  worn  that  it  is  impossible  to  state  whether  it  should  be 
referred  to  this  species  or  to  A,  costatula.  The  protoconch  is  more 
orbicular  and  less  inclined  than  that  of  the  only  example  of  A,  cos- 
tatula with  which  I  am  acquainted,  but  it  does  not  differ  from  it  more 
than  different  specimens  of  A,  pulchra  var.  tenuis  from  each  other. 
A,  adeulata  also  resembles  the  Devonian  species  A,  longissima, 
Whidbome,  in  its  slender  form,  but  the  threads  are  not  so  evenly 
disposed  over  the  surface  of  the  whorl.  I  am  uncertain  whether 
some  very  elongated  shells  from  Law  collected  by  Mr.  Bennie 
should  be  identitied  with  this  species  or  not ;  the  whorls  are  rather 
more  angular,  and  there  are  only  four  threads  visible  on  them,  with 
nearly  equal  spaces  between,  and  a  very  fine  thread  below  on  the 
base ;  but  I  place  them  with  it  for  the  present.  One  consists  of 
thirteen  whorls,  whose  length  s=4|  mm.,  width  =  nearly  1  mm. 

Locality  and  Horizon, — The  collection  of  Dr.  John  Young  contains 
four  specimens  from  the  Upper  Limestone  Series  ((P)  of  Gillfoot, 
Carluke.  That  figured  (PI.  IV,  fig.  4)  has  fifteen  whorls  in  a  length 
of  8|  mm.,  its  width  =I|  mm.  In  the  British  Museum  (Nat. 
Hist.)  there  is  a  single  example  of  this  species  (G.  80),  of  which 
the  locality  is  not  given,  but  both  the  fossil  and  matrix  bear  a  great 
likeness  to  those  from  Gillfoot.  This  species  also  occurs  in  the 
Lower  Limestone  Series  (cT)  at  Craigenglen,  Law,  and  Capelrig. 
Several  from  the  first-named  locality  are  remarkable  for  showing 


Digitized  by 


Google 


60  MI88  J.  DONALD  ON  THE  OBNUS  ACL18INA.  [Feb.  1 898, 

the  lines  of  growth  distinctly.  One  is  figured  (PI.  IV,  ^g.  5) ;  ifc 
consists  of  five  and  a  half  whorls,  of  which  the  length  =  8|  mm. 
A  specimen  from  Law  in  Mr.  Bonnie's  collection  possesses  fifteen 
whorls  in  a  length  of  4^  mm. ;  it  shows  the  reflection  of  the 
inner  lip. 

ACUSINA  0BANT0NEN818,  sp.  nOV.      (PI.  IV,  figS.  7-9.) 

'Murchigonia  $triatula,  De  Kon.  ?,  R.  EtheridKe,  Jon., '  Invert.  Fauna  Lower  Garb, 
or  Calcif.  Sandst.  Series  of  Edinborgh,  etc'  Quart.  Joum.  G^L  Soc  voL  zxxiT 
(1878)  p.  19  &  pi.  ii,  fig.  29. 

Description, — Shell  minnte,  elongated,  conical,  composed  of  ahoat 
ten  whorls.  Protoconch  consisting  of  ahont  one  smooth  whorl, 
partly  detached,  and  forming  a  considerahle  angle  with  the  highest 
whorl  of  the  spire.  Whorls  convex,  slightly  flattened  ahove,  and 
more  or  less  angular  and  prominent  near  the  middle.  The  lower 
two-thirds  of  each  whorl  ornamented  hy  abont  nine  raised  threads, 
alternately  coarse  and  fine ;  upper  third  apparently  smooth.  Lines 
of  growth  distinct,  strongly  sigmoidal,  curving  forward  below. 
Sutures  deep.  Aperture  subovoid.  Columella  simple,  nearly 
straight.     Base  convex,  imperforate. 

Resemblances, — This  shell  was  referred,  with  a  query,  by  B, 
Etheridge,  Jun.,  to  Mur(kisonia  striatula,  De  Kon.,  but  it  is  quite 
distinct,  being  much  smaller,  having  the  lines  of  growth  sigmoidal 
instead  of  forming  a  narrow  sinus  in  the  outer  lip,  and  the  proto- 
conch also  of  different  form.  It  most  resembles  A.  Unuistriaia ;  the 
whorls,  however,  are  less  convex,  and  the  fine  threads  with  which  ic 
is  ornamented  do  not  form  bands,  but  alternate  more  or  less  regularly 
with  the  coarser  threads.  It  is  remarkable  for  having  the  proto- 
conch weU  preserved,  there  being  eighteen  specimens  showing  it  in 
Mr.  Bennie*s  collection.  Its  junction  with  the  conch  can  generally 
be  discerned,  but  the  surface  is  too  much  worn  to  show  where  the 
ornamentation  begins.  The  form  of  the  protoconch  resembles  that 
of  A»  pulchra  var.  tenuis. 

Dimensions. — The  specimen  figured  (PI.  IV,  fig.  7)  consists  of  ten 
whorls,  whose  length  =4  mm.  and  width  =:1|  mm. ;  it  b  in  the 
Geological  Survey  Collection,  Museum  of  Science  &  Art,  Edinburgh, 
where  six  more  examples  are  shown.  The  same  museum  contains 
the  specimen  figured  by  Mr.  Etheridge  and  two  others  in  the 
General  Collection.  Other  individuals  would  be  larger  if  entire ; 
one  in  Mr.  Bonnie's  collection  has  five  whorls  in  a  length  of  3i  mm., 
and  ite  width = If  mm.  The  protoconch  is  figured  (Pi.  IV, 
figs.  9  a,  6  &  c)  from  shells  in  bis  collection. 

Loccility  and  Horizon. — It  is  very  abundant  in  the  Calciferous 
Sandstone  Series  (c^)  at  Woodhall,  near  Edinburgh. 


ACLISINA  TENUISTEIATA,  Sp.  nOV.       (PI.  IV,  fig.  10.) 

Aeliaina  striatula,  J.  Donald,  1885,  'Carb.  Gastor.  from  Penton,  etc'  Trans. 
Cumberl.  &,  Westmorl.  At^soc.  no.  ix,  p.  131  &  pi.  ii,  tigs.  2  &  2  a. 

Description. — Shell  small,  conical,  composed  of  about  ten  convex 
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whorls.  OrDamentation  consisting  of  numerous  spiral  threads  and 
grooves  ;  on  the  five  or  six  earlier  whorls  the  threads  are  fewer  and 
stronger,  but  on  the  lower  two-thirds  of  the  later  whorls  thej  are 
finer  and  more  numerous,  being  from  ten  to  twelve  in  number ;  the 
grooves  also  vary  iu  width,  a  variation  which  gives  the  whorl  a 
banded  appearance.     Sutures  deep.    Base  convex. 

EwembkLnces, — In  my  paper  in  Trans.  Cumberl.  &  Westmorl.  Assoc, 
I  confounded  this  shell  with  A,  striatula^  De  Kon.,  the  type  of  which 
I  had  not  then  seen,  but  I  am  now  convinced  that  this  is  quite  a 
distinct  form.  Young  specimens  might  be  taken  for  A,  elongata  from 
the  resemblance  in  the  arrangement  and  number  of  the  threads ;  but 
the  fine  banded  appearance  of  the  later  whorls  is  very  distinctive ; 
the  whorls  also  appear  to  be  more  convex.  Nevertheless  this  may 
possibly  be  a  variety  of  that  very  variable  species,  especially  as  there 
are  forms  which  appear  intermediate  between  the  var.  cingulata  and 
A.  tenuistriata.  It  is  distinguished  from  A,  grantonenns  by  its 
more  evenly  convex  whorls  and  by  the  fine  threads  not  being  so 
regularly  intercalated  between  the  coarser  ones.  The  apex  of  all 
the  specimens  that  I  have  seen  is  broken. 

Locality  and  Horizon, — The  specimen  figured  (PI.  IV,  fig.  10)  is 
from  the  Lower  Carboniferous  rocks  at  Penton  ;  it  has  ten  whorls 
preserved,  and  its  lengths 5  mm. ;  its  width =1|  mm.  One  other 
example  occurs  in  the  Lower  Limestone  Series  ((P)  at  X^aw,  Dairy. 
It  is  in  the  collection  of  Mr.  Bennie,  and  it  possesses  eight  whorls, 
whose  length =2  mm. 

AcjJsnrA  quadbata,  sp.  nov.     (PI.  lY,  figs.  11,  11  a,  12, 12  a  &  b.) 

Description. — Shell  elongated, slender,  composed  of  thirteen  whorls. 
Whorls  increasing  gradually,  moderately  convex,  slightly  quadrate  in 
form :  the  lower  whorls  are  rather  high  in  proportion  to  the  width, 
and  the  upper  are  wider.  Ornamentation  consisting  of  numerous 
fine  threads  and  grooves,  about  fifteen  in  number  on  the  penultimate 
whorl,  with  several  more  on  the  base.  Two  or  three  grooves 
near,  or  immediately  below,  the  middle  of  the  whorl  are  wider  than 
the  others  ;  the  threads  and  grooves  are  more  equal  and  less 
numerous  on  the  higher  part  of  the  spire.  Sutures  deep,  moderately 
oblique.  Aperture  longer  than  wide.  Columella  slighUy  thickened, 
rather  oblique. 

Remarks, — The  surface  of  the  upper  part  of  the  whorl  is  not  well 
preserved,  and  the  threads  on  it  are  faint  or  absent  altogether. 

I  know  of  only  two  specimens  of  this  species.  The  finest  (PL  IV, 
fig.  11)  is  in  Mr.  Bonnie's  collection ;  it  consists  of  thirteen  whorls, 
whose  length  =  6|  mm.,  width=l|  mm.  The  other  belongs  to 
Mr.  Smith  and  possesses  only  nine  and  a  half  whorls,  both  apex 
and  base  being  broken :  its  lengths 4^  mm. 

A  more  slender  form,  which  appears  to  be  a  variety  of  this  species, 
occurs  in  the  same  locality  and  is  more  abundant.  It  is  distin- 
guished by  being  less  compactly  coiled,  by  having  the  whorls  moro 
exsert  and  consequently  higher  in  proportion  to  the  width.     A 
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specimen  in  Dr.  Hunter-Selkirk's  coUection  has  the  protooonch 
entire ;  it  is  figured  in  PL  IV,  fig.  12,  and  consists  of  ten  whorls  in  a 
length  of  8|  mm.  The  protoconch  (PI.  lY,  figs.  12  a  &  6)  is  composed 
of  little  more  than  one  smooth  revolution,  coiled  somewhat  obliquely 
and  rather  overhanging  the  highest  whorl  of  the  conch,  but  not 
detached  from  it  nor  standing  as  erect  as  in  some  species ;  its 
junction  with  the  conch  is  marked  by  a  slight  rib,  but  the  surface 
is  too  much  worn  to  show  where  the  ornamentation  begins. 

The  largest  example  is  in  Dr.  Hunter-Selkirk's  collection ;  both 
apex  and  base  are  broken,  leaving  only  nine  whorls,  which  measure 
5  mm.  in  length.  Besides  these  Dr.  Hunter-Selkirk  possesses  two 
other  specimens,  Mr.  Bennie  and  Mr.  Smith  each  two,  and  I  one, 
which  was  given  to  me  by  Dr.  Young.  The  last-named  shell  is 
imperfect,  but  six  whorls  are  left,  which  measure  3|  mm.  I  would 
suggest  the  name  striatissima  for  this  variety. 

Resemblances, — Both  the  type  and  variety  somewhat  resemble 
A.  dongata  var.  cingtUata,  but  the  whorls  are  higher  and  less  com- 
pactly coiled,  the  ornamenting  threads  are  finer,  and  the  protooonch 
is  less  elevated.  It  may  be  distinguished  from  A,  tenuistriata  by 
having  higher  whorls,  and  by  the  fine  threads  continuing  all  over 
the  conch,  instead  of  being  coarser  on  the  earlier  whorls. 

Locality  and  Horizon. — Lower  Limestone  Series  (d*)^  at  Law, 
Dairy. 

AcLisiNA  BLEGANTULA,  sp.  nov.     (PI.  lY,  figs.  13, 13  a,  6  &  c.) 

Description, — Shell  elongated,  composed  of  about  thirteen  gradually- 
increasing  whorls.  Apex  blunt;  protoconch  consisting  of  little 
more  than  one  smooth  whorl,  slightly  raised  from  the  highest  whorl 
of  the  conch.  Whorls  convex  and  rather  ventricose,  ornamented 
by  eight  raised  threads  almost  equally  disposed,  the  two  uppermost 
finer  and  placed  a  little  nearer  together  than  the  others ;  one  or 
two  additional  threads  on  the  body-whorl.  Sutures  deep.  Aperture 
subovoid.  Inner  lip  refiected  on  the  body-whorL  Columella 
slightly  thickened,  nearly  straight.     Base  convex,  imperforate. 

Besemhlances, — ^This  species  may  be  distinguished  from  A.  dongata 
by  the  whorls  being  higher  in  proportion  to  the  width,  less  fiattened 
above  and  slightly  ventricose,  the  sutures  more  oblique,  the  orna- 
menting threads  differently  disposed,  and  the  protoconch  more 


Remarks, — In  the  collections  of  Mr.  Bennie  and  Mr.  John  Smith 
there  are  numerous  specimens.  The  collection  of  the  latter  contains 
the  largest  (PI.  lY,  fig.  13);  this  consists  of  twelve  whork,  whose 
length  =10|  mm.,  width =2|  mm.  The  usual  size  appears  to  be 
about  half  this.  Five  examples  in  Mr.  Bonnie's  and  one  in 
Mr.  Smith's  collection  have  the  protoconch  preserved ;  they  are  all 
much  worn,  so  that  the  junction  with  the  conch  is  very  indistinct, 
and  the  point  of  commencement  of  the  ornamentation  is  not  seen. 
Two  specimens  belonging  to  Mr.  Bennie  are  remarkable  for  having 
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the  axis  of  the  upper  part  of  the  spire  bent  at  a  small  angle  to  the 
lower  part. 

Locality  and  Horizon, — ^The  specimens  mentioned  above  are  all 
from  Law,  Dairy,  in  the  Lower  Limestone  Series  (cP).  Mr.  James 
Thomson  has  two  examples  from  Gonninghambaidland. 

AcLisiNA  PiTsiLLA,  sp.  nov.     (PI.  IV,  figs.  14,  14  a,  6,  &  15.) 

Description. — Shell  slender,  conical,  composed  of  eleven  convex 
whorls.  Protoconch  consisting  of  one  smooth  whorl,  coiled  on  the 
same  plane  as  the  rest  of  the  spire  and  not  detached  from  it. 
Whorls  increasing  gradually,  ornamented  by  six  or  seven  raised 
threads,  with  an  additional  one  on  the  body-whorl ;  the  uppermost 
thread  is  generally  the  finest.  The  spaces  between  are  about  equal 
with  the  exception  of  that  between  the  two  upper  threads,  which  is 
rather  narrower.  Sutures  deep.  Aperture  rounded.  Inner  lip 
reflected  on  the  body-whorl.  Columella  simple,  slightly  thickened. 
Base  convex,  imperforate. 

Resemblances, — This  species  differs  from  A.  eleganttda  in  having 
a  smaller  spiral  angle,  fewer  ornamenting  threads,  more  evenly 
>convex  whorls,  and  a  more  depressed  protoconch.  It  greatly 
resembles  A.  parvula^  but  is  distinguished  by  being  more  slender 
and  having  finer  threads. 

Locality  and  Horizon, — The  collections  belonging  to  Dr.  Hunter- 
Selkirk,  Dr.  Young,  Mr.  Smith,  Mr.  Bennie,  Mr.  Neilson,  and  my- 
self all  contain  specimens  of  this  species.  The  largest  example 
belongs  to  Mr.  Neilson ;  it«  apex  and  base  are  both  broken,  leaving 
only  six  whorls  whose  length =4^  mm.  A  portion  of  one  whorl  is 
'figured  in  PL  IV,  fig.  15.  It  is  from  the  Upper  Limestone  Series  ((2*) 
at  Glencart,  Dairy.  Some  of  the  best-preserved  examples  are  from 
the  Lower  Limestone  Series  (cT)  at  Law,  Dairy;  four  have  the 
protoconch  intact  (PI.  IV,  figs.  14  a  &  6).  That  figured  (PI.  IV, 
%.  14)  is  in  Mr.  Smith's  collection ;  it  consists  of  eleven  whorls,  and 
is  4  mm.  in  length. 

External  casts  of  this  species  also  occur  in  an  impure  limestone 
<the  Shell  Bed)  of  Toredale  age,  at  Widdle  Fell,  Wensleydale. 

ACLISINA  TEBKBBA,  Sp.  UOV.      (PI.  IV,  figS.  16  &  16  a). 

Description, — Shell  slender,  very  elongated,  composed  of  more 
than  ten  whorb.  Whorls  moderately  convex,  bead-like,  high  in 
proportion  to  the  width,  increasing  very  gradually.  Omamentatioa 
consisting  of  seven  raised  threads ;  the  lowest  appears  just  above 
the  suture,  and  is  invisible  on  the  higher  whorls ;  the  two  upper 
threads  are  finer  and  somewhat  nearer  together  than  the  lower. 
Sutures  moderately  deep.    Aperture  and  apex  unknown. 

Resemblances, — ^There  is  a  great  likeness  between  this  species  and 
A.  pusiUa^  but  it  is  more  attenuated  and  the  whorls  are  less  convex ; 
nevertheless  it  may  possibly  be  a  variety.  It  resembles  A.  aciculata 
in  its  elongated  slender  form,  but  may  be  distinguished  by  the 
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difference  in  ornamentation  and  by  the  whorls  being  less  convex 
and  higher. 

I  boiow  of  only  one  specimen,  which  is  in  the  collection  of 
Dr.  John  Young.  It  is  im^ierfect,  both  apex  and  base  being  broken  'r 
the  eight  and  a  half  whorls  which  remain  measure  7  mm.  in  length; 
width=l|  mm. 

Locality  and  Horizon. — Crawfield  Quarry,  Beith.  Lower  lime- 
stone Series  (rf*). 

AcLisiwA  PABVULA,  sp.  uov.     (PI.  V,  figs.  1,  2,  2  a,  6  &  c.) 

Description. — Shell  conical,  elongated,  composed  of  about  ten 
whorls.  Apex  blunt,  protoconch  consisting  of  one  smooth  revolution 
coiled  on  the  same  plane  as  the  rest  of  the  spire,  and  adhering  to 
the  highest  whorl  of  the  conch.  Whorls  convex,  wide  in  proportion 
to  the  height,  ornamented  by  six  or  seven  raised  threads  separated 
by  nearly  equal  spaces ;  uppermost  thread  sometimes  absent ;  one  or 
two  additional  threads  on  the  body- whorl.  Sutures  slightly  indined.^ 
Aperture  subovoid.  ColumeUa  simple,  slightly  thickened.  Base 
convex,  imperforate. 

Resemblances, — This  species  greatly  resembles  A.pusiQa^  but  it 
differs  in  having  a  greater  spiral  angle,  and  in  having  fewer  and 
stronger  ornamenting  threads.  It  may  be  distinguished  from 
A.  elongata  by  having  fewer  threads,  and  in  the  protoconch  adhering 
to  the  spire  instead  of  being  raised  from  it. 

Locality  and  Horizon. — There  are  five  specimens  from  Law  in  the 
collection  of  Mr.  Beunie,  only  one  of  which  has  the  protoconch  entire 
(PI.  V,  figs.  2a,  6  &  c).  The  largest  couBists  of  ten  whorls:  its 
length=3i  mm.  That  figured  (PI.  V,  fig.  1)  is  from  Crawfield,  and 
was  given  to  me  by  Dr.  Toung ;  it  possesses  nine  whorls,  whose 
length  =  3  mm.,  width  =  1  mm.  From  the  Lower  Limestone 
Series  (cP). 

?  AcLL-UTA  suLOATULA,  M'Coy.    (PI.  V,  fig.  3.) 

Logxmema  $ulcatula,  F.  M'Coy,  lS4Ay  'Syn.  Char.  Carb.  Foes.  Irel/  p.  SO  4i  pi.  t, 
fig.  6;  H.  G.  Bronn,  1848,  *  Index  Palaeont*  p.  670;  J.  Armstrong,  J.  Young,  A 
D.  Robertson,  1876,  'Cat.  W.  Scot.  Fo«8.*  p.66;  J.  J.  Bigsby,  1878,  *The8.  Dey.- 
Carb.*  p.  326 ;  R.  Etheridge,  1888,  *  Foss.  Bnt.  Is.*  vol.  i,  Palaozoic,  p.  800. 

Description. — Shell  elongated,  conical,  composed  of  seven  or  .eight 
convex  whorls,  increasing  at  a  moderate  rate.  Whorls  ornamented 
by  five  strong  spiral  threads,  with  numerous  finer  additional  threads 
below  on  the  body-whorl.  Sutures  deep.  Aperture  subovoid, 
Ck>lumella  simple,  slightly  thickened.     Base  convex. 

Bemarks. — This  species  is  represented  only  by  three  more  or  less 
imperfect  external  casts,  and  the  figures  are  diiwn  from  wax  im* 
pressions.  M'CJoy  refers  it  to  Loaonema,  but  it  has  not  the  charac- 
teristic longitudinal  ribs  of  that  genus  nor  the  adpressed  whorls; 
the  spiral  threads  also  serve  to  distinguish  it.  He  describes  it  as 
having  <  about  ten  equal  spiral  sulci,' but  the  best-preserved  specimens 
only  show  four  or  ^ve^  which  are  separated  by  the  same  number  of 
strong  raised  threads.     One  specimen,  of  which  the  surface  is  much 


Digitized  by 


Google 


Vol.  54.]  .MISS  J.  DONALD  Olf  BHABD08PIRA.  65 

won,  appears  to  show  traces  of  finer  threads  intercalated  between 
the  coarse  ones.  The  lines  of  growth  are  very  indistinct,  so  that  it 
is  impossible  to  refer  it  to  any  genus  with  certainty,  and  I  merely 
place  it  in  Aclisina  provisionally  and  reproduce  the  figures  for  the 
sake  of  comparison  with  other  forms. 

The  largest  shell  shows  about  eight  whorls,  whose  length =14 
mm.,  width =5  mm. 

The  specimens  are  in  the  Museum  of  Science  and  Art,  Dublin. 

Locality  and  Horizon, — Carrickroughter,  Kesh.  Yellow  Sand- 
stone (c?*). 


Subgenus  Khabdospiba  dov. 

Shell  of  moderate  size,  conical,  composed  of  numerous  convex 
whorls,  which  are  ornamented  by  spiral  threads  or  keels.  Outer  lip, 
as  indicated  by  the  lines  of  growth,  very  slightly  sigmoidal.  Aper- 
ture and  protoconch  unknown. 

Besemblances. — This  subgenus  greatly  resembles  the  genus 
Aclisina  in  form  and  ornamentation,  but  it  is  distinguished  from 
that  genus  by  the  contour  of  tbe  outer  lip,  which  is  much  less  sig- 
moidal and  not  so  prominently  produced  in  front. 

I  know  of  only  two  species  which  are  referable  to  it,  and  they 
occur  as  external  casts,  so  the  whole  structure  of  the  shell  itself  is 
unknown.  These  species  are  Rh,  compacta  and  Bh.  SelJcirkii,  The 
outer  lip  of  Eh.  compacta  is  still  less  sigmoidal  than  that  of  Rh.  SeU 
Jcirkii,  and  none  of  the  whorls  are  plicated  as  in  that  species.  These 
distinctions  are  hardly  sufficient  to  warrant  their  separation  in 
different  genera,  especially  as  our  knowledge  of  them  is  incomplete. 
I  therefore  group  them  together  for  the  present. 

Rhabdospira  Selkirkii,  sp.  nov.     (PI.  V,  fig.  4.) 

Description, — Shell  elongated,  turreted,  composed  of  numerous 
whorls,  which  are  convex,  very  prominent  in  the  middle,  high  in 
proportion  to  the  width,  gradually  increasing.  Ornamentation 
consisting  of  eight  strong  raised  threads  with  nearly  equal  spaces 
between,  except  in  the  middle  of  the  whorl,  where  the  space  is 
rather  wider  and  has  either  two  or  three  finer  threads  down  it ;  there 
is  also  a  fine  thread  intercalated  in  one  space  above  and  two  spaces 
below  the  middle.  Sutures  deep.  Lines  of  growth  somewhat  sig- 
moidal, and  but  slightly  arched  below.  On  the  penultimate  whorl 
there  are  faint  ribs  or  plications  following  the  course  of  the  lines  of 
growth.     Aperture  and  protoconch  unknown. 

Resemblances, — There  is  but  one  specimen  of  this  species,  which 
is  in  the  collection  of  Dr.  Hunter-Selkirk,  and  it  is  a  mould  of  the 
external  form  in  limestone.  In  appearance  it  somewhat  resembles 
Adisoides  striatula,  De  Eon.,  but  the  lines  of  growth  show  no  indi- 
cation of  a  sinus  in  the  outer  lip,  the  whorls  are  more  convex  and 
the  sutures  deeper.  The  figure  (PI.  V,  fig.  4)  is  drawn  from  a  wax 
impression ;  there  are  but  four  whorls  and  a  portion  of  a  fifth,  the 
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lengths  16||  mm.,  width  =:7|  mm.     The  highest  whorl  appears 
narrower  than  it  really  is,  through  not  being  wholly  preserved. 

Locality  and  Horizon, — ^  Main  Lime/  Lower  Limestone  Series  (<£'), 
Braidwood,  Carluke. 

Bhaboospiba  compacta,  sp.  nov.     (Fl.  Y,  figs.  5  &  5  a.) 

Description. — Shell  conical,  of  moderate  size,  composed  of  about 
eight  whorls.  These  are  convex,  broad,  compactly  coiled,  ornamented 
by  seven  strong  raised  threads,  with  nearly  equal  spaces  between, 
and  two  additional  threads  below  on  the  body-whorl.  Sutures 
rather  deep.  Lines  of  growth  curved,  scarcely  sigmoidal,  coming 
almost  direct  down  the  whorl.  Base  convex.  Aperture  and  proto- 
eonch  unknown. 

Besemblances, — This  species  occurs  as  an  external  mould  in  an 
impure  limestone.  It  bears  more  resemblance  to  Aclisina  (?)8tdc€Uula, 
M'Coy,  than  to  any  form  I  know,  but  the  threads  with  which  it 
is  ornamented  are  more  numerous  and  less  strong,  also  there  are 
not  so  many  fine  additional  threads  on  the  body-whorl. 

The  specimen  figured  in  Fl.  Y,  fig.  5,  is  in  the  Museum  of  Practical 
Geology,  London ;  it  is  drawn  from  a  wax  impression,  and  measures 
lOj  mm.  in  length,  4^  mm.  in  width. 

Locality  and  Horizon. — HoUin  Gill,  Hawes,  Wensleydale.  Yore- 
dale  Kocks  ((£'). 

Family  Murchisoniid®,  Koken. 
Genus  Mubchisokia,  D'Arch.  &  De  Yern. 
Section  Acusoidbs,  Donald. 
(For  the  synonymy,  see  p.  67.) 

Description  of  the  Section. — Shell  small,  elongated,  conical,  com- 
posed of  numerous  whorls.  Frotoconch  smooth,  simply  coiled  on 
the  same  plane  as  the  rest  of  the  spire.  Whorls  moderately 
convex,  spirally  striated.  Aperture  ovoid,  outer  lip  as  indicated 
by  the  lines  of  growth  possessing  a  sinus,  towards  which  the  lip 
retreats  above  and  from  which  it  arches  forward  below.  Base 
convex.     Umbilicus  closed. 

Dimensions. — ^The  length  of  the  British  species  varies  from  2  or 
3  up  to  16  mm. ;  as  none  of  the  specimens  that  I  have  seen  are 
entire  their  dimensions  would  probably  be  greater  if  perfect. 
De  Eoninck  states  that  the  Belgian  forms  attain  3  cm.  in  length. 
The  specimen  in  the  Brussels  Museum  marked  as  the  type  of 
A.  [Murchisonia']  striatula  is  only  9|  mm.  in  length. 

Resemblances. — This  section  or  subgenus  may  be  distinguished 
from  the  typical  Murchisonia  by  possessing  more  convex,  bead-like 
whorls,  ornamented  by  numerous  spiral  threads,  by  the  filling  up 
of  the  sinus  in  the  outer  lip  not  giving  rise  to  so  distinct  a  band, 
for  the  sinus  merely  occupies  the  space  between  two  or  three  of 
the  ornamenting  threads.    In  this  latter  particular  it  is  most  like 
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the  section  Hypergania,  from  which  it  differs  in  having  less  angular 
whorls  and  in  the  sinus  heing  situated  on  the  widest  part  of  the 
whorl,  instead  of  above  it.  In  general  appearance  it  comes  very 
near  some  of  the  recent  Turritelkg,  especially  such  forms  as 
T.  aocisa,  Watson,  and  T.  rundncUaj  Watson,  where  the  sinus 
merely  lies  between  the  ornamenting  carinsB,  not  forming  a  distinct 
band ;  but  the  aperture  is  different  here,  being  more  quadrangular, 
and  the  whorls  idso  differ  in  being  flatter. 

MUBOHISOKTA.  [AoLISOIDBS]  STBIATULA,  Do  KoD.      (PL  V,  figS.  6-8). 

TwrritMa  Btriaiula,  L.  G.  De  Koninck,  1843, '  Pr6c.  Eldm.  deCMologie,'  par  J.J. 
d'Omalius  d'HaUoy,  p.  616. 

Mwrchisonia  striatula,  L.  G.  De  Koninck,  1843,  *  Descr.  Anim.  Fosii.  Terr.  Garb. 
Belg.*  p.  416  &  pi.  xl,  fig.  7 ;  H.  G.  Bronn,  1848,  '  Index  Palaont.'  pt  i,  p.  748  j 
A.  d'Orbigny,  1860,  *  Prodr.  Pkldont.  Stratigr.'  vol.  i,  p.  122 ;  F  J.  Armstrong, 
J.  Young,  &  D.  Robertson,  1876.  'Cat.  W.  Scot.  Foaa.'  p.  66;  J.  J.  Bigsbv,  1878, 
'Tbes.  Dev.-Oarb.'  p.  327;  R.  Etheridge,  1888,  'Foss.  Brit.  Is.'  vol.  i  (Palsosoio) 
p.  302. 

AeUHna  ttriatnla,  L.  G.  De  Koninck,  1881. '  Faune  Calc.  Garb.  Belg.'  voL  vi, 
pt  iii,  p.  86  &  pi.  ix,  figs.  67  &  68 ;  1883,  voL  viii,  pt.  iv,  pi.  xxxiii,  figs.  41  A  42. 

Description. — Shell  elongated,  conical,  composed  of  more  than 
ten  whorls.  Protoconch  consisting  of  one  smooth,  convex  whorl, 
simply  coiled  on  the  same  plane  as  the  rest  of  the  spire.  Whorls 
moderately  convex  below,  flat  above.  Ornamented  by  nine  or  ten 
raised  threads  of  irregular  strength,  separated  by  grooves  var3ring 
in  width ;  there  are  several  additional  threads  on  the  body-whorl. 
Sutures  not  very  deep.  The  lines  of  g^wth  indicate  the  existence 
of  a  sinus  in  the  outer  lip  of  moderate  depth,  situated  on  the  widest 
part  of  the  whorl,  near  the  middle  of  the  body-whorl,  but  rather 
below  the  middle  on  the  whorls  of  the  spire.  It  lies  between  two 
threads,  with  generally  a  third  thread  between  them.  Aperture 
ovoid.     Base  produced,  convex.     Umbilicus  closed. 

Remarks, — ^There  is  always  more  or  less  variation  in  the  strength 
and  arrangement  of  the  ornamenting  threads  on  different  indi- 
viduals; as  a  rule  the  lower  threads  are  the  strongest,  and  the 
spaces  between  them  the  widest,  but  sometimes  finer  threads  are 
intercalated.  The  depth  of  the  suture  also  differs,  as  some  indi- 
viduals are  less  compactly  coiled  than  others;  this  is  especially 
noticeable  in  two  specimens  from  Yis^  in  the  British  Museum  (Nat. 
Hist.),  where  the  sutures  are  deeper  than  usual,  owing  to  thewhorls 
being  more  exsert. 

Resemblances. — Micrentoma  nana  resembles  this  species  to  a  certain 
degree  in  the  form  of  the  whorls  and  in  the  compactness  of  the  spire, 
but  it  differs  in  not  possessing  a  deep  sinus  on  all  the  whorls,  in 
having  the  threads  strongly  crenulated,  and  in  the  threads  being 
more  equal  in  strength  and  less  numerous. 

Locality  and  Horizon, — ^There  are  nine  specimens  in  the  Wood- 
wardian  Museum,  Cambridge,  from  the  Carboniferous  Limestone 
(<f)  of  Settle.  The  largest  of  these  has  the  apex  broken,  leaving 
seven  whorls,  which  have  a  length  of  16  mm.  That  figured  (PI.  Y, 
fig.  6)  also  has  the  apex  broken ;  six  and  a  half  whorls  remain,  whose 
lengths  12  mm.,  width =4^  mm.     The  body-whorl  of  another  ia 
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fis^ired  (PL  V,  fijrs.  7  &  7  a)  to  show  the  lines  of  growth.  In  the 
British  Museum  (Nat.  Hist.)  there  is  a  portion  of  a  shell  from  Settle 
consistinjc  of  four  and  a  half  whorls  ;  also  three  specimens  of  which 
the  locality  is  not  known :  they  bear  a  great  resemblance  to  the 
other  example,  and  are  probably  from  the  same  place. 

This  species  also  occurs  in  the  Lower  Limestone  Series  ((£•)  at 
Craigenglen,  and  in  the  Upper  Limestone  Series  (<P)  at  Glencart, 
Dairy.  These  shells  are  much  smaller  than  the  English  and 
Belgian  specimens.  One  (Pi.  V,  figs.  8  &  8a)  from  the  former 
locality  is  remarkable  for  having  the  protoconch  entire ;  the  apex  is 
somewhat  worn,  so  that  the  junction  of  the  protoconch  is  not  very 
distinct,  and  the  point  of  commencement  of  the  ornamentation  is 
not  shown. 

De  Eoninck  states  that  this  species  also  occurs  at  Gare,  Orchard, 
Robroyston,  Swindridge,  and  Auchenbeg,  but  I  have  not  met  with 
it  from  any  of  these  places,  and  I  therefore  think  that  he  has 
probably  confounded  it  with  Aclisina  pulchra^  var.  tenuis,  of  which 
I  have  seen  specimens  from  the  three  latter  localities. 

Ltt  Belgium  it  is  found  at  Via^  (Assise  VI),  from  which  locality 
there  are  examples  in  the  British  Museum  (Nat.  Hist.),  Brussels 
Museum,  Li^ge  Museum,  and  the  collection  of  M.  Destinez  at  Liege. 

The  validity  of  this  species  rests  upon  the  examination  of  about 
thirty  specimens. 

AcLisoiDRS  sTBiATiiLA,  var.  Abmstbongiaki.     (PI.  V,  figs.  9  &  10.) 

Description, — Shell  elongated,  conical,  composed  of  about  eight 
whorls.  These  are  flat  above,  convex  below,  slightly  angular  a  little 
below  the  middle.  Whorls  ornamented  by  about  nine  nearly 
equal  raised  threads  separated  by  equal  spaces,  with  several  addi- 
tional threads  on  the  body-whorl ;  two  or  three  of  the  upper  threads 
are  absent  on  some  specimens.  The  lines  of  growth  curve  back- 
ward above,  form  a  sinus  of  moderate  depth,  and  then  curve 
forward  below.  The  sinus  is  situated  on  the  widest  part  of  the 
whorl,  in  the  space  occupied  by  three  of  the  threads,  there  being  a 
thread  on  each  side  of  it  and  one  down  the  middle.  Sutures  deep. 
Aperture  longer  than  wide.  Columella  nearly  straight,  slightly 
thickened.     Base  convex. 

Rtsemblanc^, — ^This  shell  resembles  A,  striatula  so  much  that  I 
am  more  inclined  to  regard  it  as  a  variety  of  that  species  than  as  a 
distinct  species  itself.  The  general  form  of  the  whorls  and  sinus 
are  similar.  It  differs  in  the  whorls  being  rather  more  angular  and 
prominent  in  the  middle,  in  having  deeper  sutures,  and  in  the 
ornamenting  threads  being  equal  in  strength  with  the  exception  of 
those  bordering  the  sinus,  which  are  gienerally  slightly  buouger. 
This  species  is  also  somewhat  like  Murehisonia  dalryensis,  Don.,*  in 
the  contour  of  the  whorls,  but  the  ornamenting  threads  are  differently 
disposed.  An  enlarged  portion  of  a  whorl  of  M,  dalryensis  is  figured 
(PI.  V,  fig.  11)  for  comparison.     M,  dalryensis  probably  has  greater 

^  *  Notes  on  the  Genoa  Murchuonia  &  its  Allies/  Quart.  Journ.  Qeol.  Soo. 
▼ol.  H  (18U5)  p.  224  &  pi.  ix,  fig.  3. 
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affinity  with  Aclisoides  than  with  Murchtsonia  sensu  strioto,  hut 
the  ooly  known  specimen  is  not  snfficiently  well  preserved  to  decide 
with  certainty. 

Locality  and  Horizon. — Three  specimens  have  heen  collected  hy 
Mr.  Bennie  at  Law,  Dalr}%  one  of  which  (PI.  V,  fig.  9)  has  eight 
whorls  preserved,  but  the  apex  is  hroken ;  its  length  =10  mm.,  width 
=3  mm.  Dr.  Young  (Hunterian  Museum)  and  Mr.  Neilson  have 
several  specimens,  and  I  possess  one  given  me  by  Dr.  Young  from 
Graigenglen.  An  example  (PI.  Y,  fig.  10)  in  the  Armstrong 
Collection,  Museum  of  Science  &  Art,  Edinburgh,  from  the  same 
locality,  is  of  greater  size  than  any  of  the  others,  having  six  whorls 
preserved  with  a  length  of  15  mm.,  width =6  mm.  It  is  crushed  and 
partially  embedded  in  the  matrix ;  the  lower  whorls  also  are  so  much 
worn  that  the  ornamenting  threads  are  nearly  obliterated.  Owing 
to  these  defects  the  whorls  appear  less  angular,  and  the  spiral  angle 
seems  somewhat  greater,  than  is  the  case  in  the  other  specimens 
from  the  same  locality  and  in  those  from  Law.  The  last  whorl 
also  may  have  originally  been  more  convex  through  age  ;  the  contour 
of  the  higher  whorls,  however,  resembles  that  of  the  other  indivi- 
duals, and  the  ornamentation  is  exactly  the  same.  This  shell  is 
remarkable  for  showing  the  lines  of  growth  very  distinctly  on  the 
whorls  that  are  worn.  These  are  from  the  Lower  Limestone 
Series  ((P),  Dr.  Young  has  also  several  small  specimens  from  the 
Upper  Limestone  Series  of  Glencart,  Dairy  (<P). 

In  Scotland  the  varietal  form  is  more  abundant  than  the  type^ 
but  in  England  the  reverse  is  the  case,  for  I  have  not  met  with  a 
single  specimen  of  the  variety  there. 


Genus  Micbbntoica.  nov. 

AelUinay  pan  L.  G.  De  Koninck,  1881,  *  Fanne  Calc.  Carb.  Belg/  Ann.  Hub.  Roy. 
Hist.  Nat.  Belg.  vol.  vi,  pt.  lii,  p.  86. 

Description.  —  Shell  conical,  composed  of  numerous  whorls. 
These  are  flat  above,  convex  below,  becoming  more  convex  with 
increase  in  age,  compactly  coiled.  Ornamentation  consisting  of 
several  spiral  keels.  Lines  of  growth  indicating  a  shallow  notch 
in  the  outer  lip,  which  becomes  rather  deeper  near  the  aperture  in 
the  adult.  It  is  situated  on  the  higher  part  of  the  whorl,  lying 
between  two  of  the  keels,  and  it  never  gives  rise  to  the  formation 
of  a  band.  Aperture  imperfectly  known,  probably  subovoidi^ 
Columella  slightly  oblique,  and  thickened.     Umbilicus  closed. 

Resemblance. — This  genus  most  resembles  Murchisoniaj  espe« 
dally  the  section  Adisoides^  from  which  it  is  distinguished  by 
not  having  a  deep  narrow  slit  in  the  outer  lip,  but  merely  a  notch  $ 
also  tho  lines  of  growth  do  not  sweep  either  backward  or  forward 
so  strongly.  It  is  somewhat  Jlike  the  genus  Fseudomurchisoniaf 
Koken,'  but  on  it  the  lines  of  growth  are  simply  curved  on  the 

^  'Die  Gastrop.  der  Trias  um  Hallatatt/  Jahrb.  k.-k.  geoL  Belcbsantt. 
▼oL  xlTi  (1896)  p.  86,  figs.  12  &  13. 
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higher  part  of  the  sf)ire ;  they  gradually  become  Binuated,  till  on  the 
lower  whorls  a  sinus  is  formed,  the  filling  up  of  which  produces  a 
band.  This  band  is  absent  from  the  higher  whorls,  which  are  quite 
smooth.  Pseitdomurehisonia  is  further  distinguished  by  having  the 
sinus  in  the  widest  part  of  the  whorl. 

The  type  of  this  genus  is  M,  [Adisind]  nana,  De  Eon.,  which  is 
at  present  the  only  known  species. 

MiCRBNTOMA  NANA  (Dc  KoU.).       (PL  V,  figS.  12  &  13.) 

Aclisina  nana^  L.  6.  De  Kooinck,  1881, '  Faane  Calc.Carb.  Belg.'  Ann.  Mus.  Roy. 
Hist.  Nat.  Belg.  vol.  vi,  pt.  iii,  p.  87  A  pi.  vii,  figs.  29  &  80. 

Description, — Shell  small,  conical,  composed  of  more  than  nine 
whorls.  Protoconch  unknown.  Whorls  flat  above,  slightly  convex 
below,  becoming  more  convex  as  they  increase  in  size.  Whorls 
ornamented  by  six  strong,  crenulated  spiral  threads,  only  four  or 
five  of  which  are  visible  on  the  upper  whorls.  Crenulations  so 
strong  as  sometimes  to  form  by  their  confluence  longitudinal  ribs, 
which  follow  in  general  the  course  of  the  lines  of  growth.  The 
lines  of  growth  indicate  a  slight  notch  in  the  outer  lip,  which 
apparently  becomes  rather  deeper  in  the  mature  state;  it  is  situated 
between  the  second  and  the  third  threads  from  the  upper  suture,  and 
there  is  sometimes  a  very  fine  thread  dowo  the  middle  of  this  space. 
Sutures  of  moderate  depth.  Base  convex.  Aperture  imperfectly 
known,  probably  subovoid.  Columella  simple,  slightly  oblique, 
thickened.     Umbilicus  closed. 

Remarks, — I  have  seen  the  specimen  marked  as  the  type  of  this 
species  in  the  Brussels  Museum ;  it  is  very  small,  having  nine 
whorls  in  a  length  of  3|  mm.  It  is  embedded  in  the  limestone 
matrix,  and  somewhat  distorted  by  pressure.  It  agrees,  however, 
with  the  British  shells  refeiTed  to  tiiis  species  in  character.  The 
locality  is  Vise  (Assise  VI).  There  are  also  several  larger  individuals 
from  the  same  place  in  the  Museum  at  Li^e.  On  one  the  longi- 
tudinal ribs  are  so  strong  on  the  upper  whorls  that  it  somewhat 
resembles  a  species  of  Loxonema,  but  on  the  last  whorl  these  ribs 
become  less  strong,  and  the  lines  of  growth  give  distinct  evidence  of 
the  notch  in  the  outer  lip.  M.  le  Chanoine  de  Dorlodot  has  a  single 
example  from  Tournai  in  his  collection. 

Resemblances, — This  shell  resembles  Aclisoides  striatula,  De  Eon., 
in  general  appearance,  but  it  may  be  distinguished  by  the  whorls 
being  less  convex,  the  ornamenting  threads  stronger,  fewer,  and 
decidedly  crenulated,  and  also  by  the  lines  of  growth  not  forming  a 
deep  sinus  in  the  outer  lip,  but  merely  a  notch.  It  bears  a  super- 
ficial likeness  to  Pleurotomaria  serrilimba,  Phil.,*  from  which  it 
differs  in  the  spiral  threads  being  more  numerous  and  in  possessing 
a  notch  in  the  outer  lip. 

Locality  and  Horizon, — ^There  are  six  specimens  in  the  Museum  of 
Science  &  Art,  Edinburgh,  from  Park  Hill,  Derbyshire ;  the  apex 
and  base  are  imperfect  in  all.     The  specimen  figured  (PL  V,  fig.  13) 

»  •  Geol.  York».'  toI.  ii  (1836)  p.  228  &  pi.  xv,  fig.  30. 
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has  about  five  and  a  half  whorls  preserved,  its  length  =7  mm.,  its 
width  =4  mm.  The  York  Museum  possesses  two  individuals  from 
Settle;  that  figured  in  PL  V,  fig.  12,  has  five  whorls  in  a  length  of 
8  mm. ;  its  width  =4|  mm.  Another  larger  specimen,  of  which  the 
apex  is  broken,  has  seven  and  a  half  whorls  ;  its  length  =10  mm., 
width  =  5  mm.     All  from  the  Mountain  Limestone  (cT*). 


EXPLANATION  OP  PLATES  III-V. 
Platb  III. 

Figs.  1^.  Aciigina  ptUchra,  tmt.  tenuis,  De  Koninck,  Fig.  1,  front  view,  x8. 
Swindridffe.  Coll  TbomBon.  Fig.  2.  fiack  Tiew,  x8.  Bobroyston. 
OoU.  Nei&oo.  ¥is.  2  a.  Whorl  of  speoimen  with  coarser  and  fewer 
8tri»,  X 12.  Oraigenglen.  Own  Coll.  Figs,  da  &  *Sb.  Views  of 
protooonoh,  x30.  Fig.  4.  View  of  aperture  showing  reflection  of  lip 
and  lines  of  growth,  X 16.   Banderstone,  Fife.    OoU.  Bennie. 

Fig.  5.  Var.  intermedia,  side  view  with  protoconch,  X 16.    Fig.  6  a.  View  of 

Srotoconoh,  x28.  Law,  Dairy.  Coll.  Bennie. 
.  A,  elongata,  Fleming.  Fig.  6,  x6.  Fig.  6  a.  Portion  of  whorl  of 
another  specimen,  X 14.  Penton.  Own  Coll.  Figs.  1  a,  b  k  c. 
Views  of  protoconch  of  yar.  cingukUa,  X  34.  Shell  contorted.  Craw- 
fleld.  Coll.  John  Smith.  Fig.  8.  View  of  aperture,  showing  reflection 
of  inner  lip,  x  20.  Law,  Dairy.  Own  Coll.  Fig.  9.  Var.  varians, 
X 16.  Ure  Coll.  Fig.  10.  Var.  cingulata,  front  view,  x  12.  Fig.  10  o. 
Portion  of  whorl  enlarged.    Glenoart,  Dairy.    Coll.  John  Young. 

Fig.  11.-4.  polygyra,  M'Coy.  view  of  type,  xl2.  Cullion,  Draperstown. 
Museum  of  Sdenee  k  Art,  Dublin. 

Pigs.  12-15.  A,  costatula,  J>ovkBXdi.  Fig.  12.  Front  view,  x9.  Penton.  Own 
Coll.  Rg.  13.  Back  view  of  specimen  with  protoconch,  Xl2. 
Figs.  14  a,  6  &  c.  Protoconch,  x27.  Law,  Dairy.  Coll.  Hunter- 
Setkirk.  Fig.  15.  Var.  dubia,  back  view,  x6.  Craigenglen.  Coll. 
Thomson. 

Fig.  16.  A,  eimilis,  sp.  nov.  Front  of  portion  of  specimen,  x  10.  Law,  Dairy. 
Coll.  Bennie. 

Plate  IV. 

Fig.  1.  Aclisinasimilis,  tp.nor^  X^.    Law, Dairy.     Coll.  Bennie. 

Figs.  2ft  3.  A.  attemtata,  sp.  nov.  Fig.  2.  Back  view,  X 12.  Glencart,  Dairy. 
Own  ColL  Fig.  3.  View  of  aperture,  X  23.  Glenoart  Coll.  Hunter- 
Selkirk. 
4-6.  A.  aciculata,  sp.  nov.  Pij.  4.  Back  view,  x6.  Fig.  4  a.  Single 
whorl  of  another  specimen,  x  12.  CKllfoot,  Carluke.  Coll.  John  Young. 
Fig.  5.  Front  view  of  specimen  showing  lines  of  growth,  xl2. 
Craigenglen.  Own  ColL  Figs.  ^a,b  kc.  Views  of  the  protoconch 
of  a  small  specimen  doubtfully  referred  to  this  specied,  x30.  Law, 
Dahry.  Coll.  Hunter-Selkirk. 
7-9.  A.  grantoneneiSf  sp.  nov.  Fig.  7.  Front  view,  x  12.  Geol.  Surv. 
ColL,  Museum  of  Science  &  Art,  Edinburgh.  Fig.  7  a.  Portion  of 
whorl  of  another  specimen  showing  lines  of  growth,  x30.  CoU. 
of  Museum  of  Science  &  Art,  Edinlrargh.  Fig.  8.  View  of  aperture, 
Xl6.  Figs.  9a&c.  Viewsofprotooonch,  x27.  Pig.  96.  Protoconch 
of  another  specimen,  X  27.     Woodhall.    ColL  Bennie. 

Fig.  10.  A.  tenmstriata,  sp.  nov.    Back  view,  X 10,    Penton.    Own  Coll. 

11.  i^.  quadrata,  sp.  nov.    Front  view,  x  10.    Fig.  11a.  View  of  aperture, 
Xl6.     Law,  Dairy.    ColL  Bennie. 
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Platk  IV  (continued). 

Fig.  12.  A.  quadrataf  rar.  iMatisrima.    Front  view  of  specimen  with  proto- 

coDoh  intact,  X 16.    Figs.  12  a  &  6.  Views  of  protooonch,  X  26.    Iaw, 

Dairy.    Coll.  Hunter-Selkirk. 
13.  A.  eUga$Uula,  sp.  noT.    Front  view,  xd^.    Coll.  John  Smith.    Figs. 

13  a,  6  &  c.  Views  of  protoconch  of  another  specimen,  x  27.    Coll. 

Bennie.    Law,  Dairy. 
Figs.  14  k  15.  A.  pusilla,  sp.  nov.    Fig.  14.  Front  view,  x  12.    Coll.  John 

SmiUL    Fies.  14  a  &  b.  Views  of  protoconch  of  another  specimen. 

X22i.    Coll.  Bennie.    Law,  Dairy.    Fig.  16.  Portion  of  body-whorl 

of  another  specimen  to  show  spiral  threads,  X 10^.     Glencart,  Dairy. 

Coll.  Neilson. 
Fig.  16.  A.  terebra,  sp.  nov.     x6.    Fig.  16  a.  View  of  penultimate  whorl^  x  12. 

Crawfield  Quarry,  Beith.    Coll.  John  Young. 

Plate  V. 

Figs.  1  &  2.  Acluina  parvula,  sp.  nov.     Fig.  1.  Back  view,  x  12.     Crawfield. 

Own  Coll.    Fig.  2.  View  of  aperture.     X26.    Figs.  2a,b&c.  Views 

of  protocondi,  X  26.    Law,  Dairy.    CoU.  Bennie. 
Fig.  3.  ?  A.  \Loxonema]  suleatula^  M'Coy.     Type,  drawn  from  wax  impression, 

Xo.     Carrickoughter,  Kesh.    Museum  of  Science  &  Art,  Dublin. 

4.  Bhabdospira  Selkirkii^  sp.  nov.    Drawn  from  a  wax  impression,  x3. 

Braidwood.    Coll.  Hunter-Selkirk. 

5.  Bh.  compacta,  sp.  nov.    Back  view,  drawn  from  a  wax  impression,  x3. 

Fig.  6  a.  View  of  body- whorl,  X  6.    Hollin  Gill,  Hawes,  Wensleydale. 

Museum  of  Practical  Geology,  London. 
Figs.  6-8.  Murchisonia  SAdiaoides]  striatula,  De  Eoninck.  Fig.  6.  Front  view, 

X  4.    Fig.  7.  View  of  body-whorl  of  another  specimen,  X  5.    Fig.  7  a. 

Portion  of  the  surface  greatlyenlarged  to  show  the  ornamentation 

and  lines  of  growth.    SeUie.    Woodwardian  Museum.    Fie.  8  a.  View 

of  portion  of  small  specimen  with  protoconch.    Fig.  8.  View  of  same 

from  above,  X  21.    Craigenglen.     Own  CoU. 
Figs.  9  k  10.  M.  [A.]  ttriatula^  var.  Armatrongiana.     Fig.  9.  Front  view,  x6. 

Law,  Dairy.    CoU.  Bennie.    Fig.  10,  X  3.     Craigenglen.    Armstrong 

ColL,  Museum  of  Science  k  Art,  Fdinburgh. 
Fig.  11.  M.  dalfyeturis,  Donald.    Portion  of  whorl  to  show  the  ornamentation, 

XlO.    Dairy.    ColL  Thomson. 
Figs.  12  &  13.  Miorentoma  nana  (De  Koninck).  Fig.  12.  Back  view,  x  4.  Settle. 

York  Museum.    Fig.  13.  Front  view,  x6.    Park  Hill,  Derbyshire. 

Museum  of  Science  £  Art,  Edinburgh. 
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6.  A  Gbolooical  Sttrvby  of  iht  Witwaterseand  and  other  Districts 
in  {Kt  Southern  Transvaal.  By  Frederick  H.  Hatch,  Ph.D., 
F.G.S.,  Assoc.M.Inst.C  Jl.,  formerly  of  the  Geological  Survey  of 
England  and  Wales.     (Read  November  17th,  1897.) 

[Plate  VI— Map  k  Sections.] 
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I.  Introduction. 
The  importance  of  the  Witwatersrand  as  a  gold-producing  area  has 
given  an  impetus  to  geological  enquiry  in  this  part  of  South  Africa. 
The  result  has  been  the  appearance  of  numerous  books,  pamphlets, 
and  papers.*  My  apology  for  adding  to  their  number  by  the 
present  communication  is  a  five-years'  residence  in  the  Transvaal, 
during  which  time  I  have  had  perhaps  unusual  opportunities 
and  facilities  for  closely  studying  the  geology  of  the  Southern 
Transvaal,  or  more  correctly  the  region  lying  between  the  Maga- 
liesberg Range  and  the  Vaal  Kiver.  Having  in  the  course  of 
professional  duties  to  journey  backward  and  forward  through  this 
country,  I  gradually  became  acquainted  with  its  geological  structure ; 
and  as  a  means  of  crystallizing  and  correlating  the  information  thus 
obtained,  I  began  to  lay  it  down  on  a  map  and  have  continued  to  do 
so  until  now.  The  survey  of  some  8000  square  miles  of  country, 
embracing  the  districts  of  the  Witwatersrand,  Potchefstroom,  and 
Heidelberg,  and  a  portion  of  those  of  Kustenburg  and  Pretoria, 
being  now  completed,  I  desire  to  lay  the  resiidts  before  the 
Geological  Society. 

The  difficulties  of  geological  mapping  in  a  sparsely-inhabited 
country,  and  where  the  inhabitants  since  the  Jameson  raid  have 
not  been  particularly  disposed  to  welcome  the  Uitlander,  may  be 
easily  imagined.  I  do  not  claim  for  my  map  that  accuracy  in 
detail  which  can  only  be  obtained  by  leisurely  work  on  a  large 
scale ;  still,  the  main  geological  boundaries  have  been  drawn  with 
as  near  an  approximation  to  correctness  as  was  possible  under  the 

*  Mostly  German  and  French. 


Digitized  by 


Google 


74  DB.  y,  H.  HATCH — esoLOOT  OF  THB  [Feb.  1898, 

ciroamstances,  and  certain  BectionB>  where  Btratigraphical  com- 
plexities made  it  desirable,  have  been  mapped  in  greater  detail. 

The  physical  features  of  the  South  African  plateau  or  *  High  Veldt ' 
have  been  so  often  described  that  I  will  only  briefly  refer  to  them 
here.  To  the  traveller  by  train  from  the  south,  with  the  eye  wearied 
by  the  interminable  stretches  of  uniformly  flat  and  uninteresting 
country  in  the  Orange  Free  State,  the  Southern  Transvaal  presents 
by  contrast  a  pleasing  aspect,  on  account  of  its  more  broken  and 
diversified  scenery.  Ranges  of  low  hills  alternate  with  stretches 
of  rolling  and  grassy  uplands,  which,  in  the  summer  or  rainy 
season,  have  a  delightfully  fresh  and  green  appearance. 

The  highest  elevation  is  reached  at  the  Witwatersrand  (highest 
point  6000  feet  above  sea-level),  which  forms  the  water-parting 
between  the  tributaries  of  the  Vaal  River,  flowing  into  the  Atlantic 
Ocean,  and  the  Limpopo  or  Crocodile  River  and  its  tributaries, 
flowing  into  the  Indian  Ocean.* 

The  lines  of  elevation  have  mainly  an  east-and-west  trend,  con- 
forming almost  invariably  with  the  strike  of  the  bedding.  Usually 
there  is  an  abrupt  escarpment  on  one  side,  while  the  oppoaite  flank 
corresponds  to  the  angle  of  dip  of  the  beds.  The  hill-ranges  are  of 
unimportant  height  relative  to  the  surrounding  plains,  being  rarely 
above  300^00  feet.' 

The  Magdicsberg  forms  the  natural  northern  boundary  of  the 
district  under  description.  The  sedimentary  strata  of  which  it  is 
composed  are  on  its  northern  side  faulted  up  against  massive  igneous 
rocks  of  basic  character,  belonging  to  a  portion  of  the  ancient  cr}'s- 
talline  floor  of  South  Africa;  while  to  the  south  there  is  a  varied  series 
of  sedimentary  and  volcanic  rocks  of  Palaeozoic  age,  through  which 
the  ancient  crystalline  rocks  here  and  there  protrude.  This  series 
of  beds,  which  is  generally  known  as  the  Cape  Formation,  extends 
to  the  Yaal  River,  where  it  disappears  under  the  flat-lying  strata  of 
the  Karoo  Formation,  the  latter  constituting  almost  the  sole  rocky 
covering  of  the  Free  State  and  the  Eastern  Province  of  the  Cape 
Colony. 

We  have  therefore,  in  describing  the  rocks  of  the  Southern 
Transvaal,  to  deal  with  three  principal  subdivisions,  namely : — 

(1)  The  Karoo  System. 

(2)  The  Cape  System. 
(8)  The  ArchflKw  System. 

The  following  description  of  these  formations  will  be  greatly 
facilitated  by  reference  to  the  map  and  sections  that  accompany  this 
paper.    (See  PL  VI.) 

1  The  most  important  streams  in  the  district  under  consideration  are  the 
Bleshok  Spruit,  Klip  B.,  Mooi  R.,  Kockemoor  Spruit,  and  Sohoon  Spruit, 
tributary  to  the  Yaal  river;  and  the  Pienaars  B^  Aapies  B.,  Hennops  B., 
Tokeskey  R.,  Crocodile  B.,  Magaliesberg  R.,  and  Hex  B.,  tributary  to  the 
Limpopo. 

^  The  principal  hill-ranges  are  the  MagaUesberg,  Witwatersberg  orDaspoort 
range,  Kalkheuvel,  Witwatersrand,  Klipriversberg,  Gatsrand,  Zuickerbosohrand, 
and  the  Venterskroon  Hills.  Isolated  nills  are  the  Losberg,  Tafelkop,  Spitskop, 
and  Platberg — names  indicating  the  configuration  of  the  hiUs  designated. 
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U.  Thb  Atlckmas  Bocsb. 
Distribution. 

As  already  pointed  oat,  these  rocks  protrude  in  a  few  places 
through  the  sedimentary  beds  which  cover  the  greater  part  of  the 
area  under  consideration.  In  the  Northern  Transvaal  and  Rhodesia 
they  bulk  largely,  consisting  there  of  granites,  gneisses,  and  basic 
crystalline  schists  derived  from  the  deformation  of  igneous  rocks.* 
But  in  the  Southern  Transvaal  their  appearance  is  quite  local  and 
of  limited  extent.  Besides  the  occurrence  of  basic  eruptive  rocks 
(in  part  gabbro)  north  of  the  Magaliesberg,  three  principal  masses 
of  the  Archsean  rocks  crop  out.  The  largest  of  these  is  that  Ipng 
between  Pretoria  and  Johannesburg,  its  southern  margin  being 
immediately  north  of  the  Witwatersrand  range.  This  mass  has  an 
extent  from  north  to  south  of  about  18  miles,  and  of  about  28  miles 
from  east  to  west.  The  granitic  rocks  of  which  it  is  composed 
form  no  conspicuous  or  striking  outcrop,  the  surface  of  the  ground 
being  either  flat  or  of  a  gently  undulating  or  rolling  character. 
Next  in  importance  is  the  mass  which  crops  out  on  the  Yaal  River 
some  28  miles  8.E.  of  Potchefstroom.  The  greatest  portion  of  this 
mass  lies  on  the  Free  State  side  of  the  river :  but  the  Transvaal 
portion  is  about  10  miles  long  by  31  miles  wide.  The  outcrop  is 
of  a  broken  character  near  the  Yaal,  but  on  the  Free  State  side 
the  hills  diminish  as  they  recede  from  the  river. 

The  third  mass,  measuring  8  miles  long  by  7  broad,  is  situated 
on  the  farms  Frischgewaagd,  Uitkyk,  Langzeekoegat,  Witkop,  and 
Palmietfontein,  etc.,  about  40  miles  south-east  of  Johannesburg. 
Here,  also,  the  surface  of  the  country  is  flat  or  gently  rolling. 

Description  of  the  Archsean  Rocks. 

These  ancient  crystalline  rocks  do  not  constitute  a  single  granite 
massif  in  any  of  the  occurrences  mentioned;  they  are  rather 
members  of  an  igneous  complex  of  rocks  of  varied  composition, 
although  rocks  of  ultra-acid  composition  are  rare.  A  series  of  these 
rocks  collected  by  Cohen  in  1872-73  has  been  described  by  P.  Dahms.* 
He  mentions  the  foUowing  types  : — ^biotite-granite  (MUller's  Farm, 
south-west  of  Pretoria),  amphibole-granite  (Rietfontein,  near 
Yokeskey  River),  granite-porph3rry  (M  tiller's  Farm),  mica-syenite- 
porphyry  (between  Grobler's  and  Miiller's  Farm). 

Molengraaff '  is  of  the  opinion  that  the  predominant  rock  in  the 

*  J.  Gets, '  Untersaohung  einer  Qenteins-saite  aus  der  Gegend  der  Gk>ldfe1der 
TOO  Marabastad,  im  nordlichen  Transraal/  Neues  Jabrb.  !i^ilage-Bd.  iv  (1886) 

LI  10 ;  and  J.  A.  Chalmers  &  F.  H.  Hatch, '  Notes  on  the  Qeology  of  Maahona- 
id  &  Matabeleland,'  Geol.  Mag.  1895,  p.  193. 

*  'Ueber  einige  Eraptivgeeteine  aus  TransFaal  in  Sud-Afrika,'Nene8  Jahrb. 
Beila0>-Bd.  vii  (1891)  p.  90. 

'  '  Beitrag  zur  Geologie  der  Umgegend  der  Cbldfelder  anf  dem  Hoogeveld  in 
der  ftidafrikanischen  Republik,'  Neuet  Jahrb.  Beilage-Bd.  ix  (1894-95)  p.  184. 
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granitic  complex  north  of  the  Witwatersrand  is  a  microcline-granite, 
of  which  he  describes  a  type  from  the  Halfway  House  on  the 
Johannesburg-Pretoria  road.  He  also  mentions  tonalite  or  plagio- 
clase-granite  as  of  frequent  occurrence. 

Sections  made  from  specimens  of  granite  collected  by  me  on  the 
Vaal  River  near  Yenterskroon  show  that  the  rock  is  a  holocrystalline 
aggregate  of  quartz,  orthoclase,  and  plagioclase,  with  a  little  brown 
and  green  mica.  The  felspar  is  much  clouded  through  kaolinization, 
and  the  quartz  is  full  of  inclusions. 

Crystalline  schists  are  of  rare  occurrence  in  the  Southern  Trans- 
vaal ;  but  Cohen  *  mentions  sericite-schist  from  Grobler's  Farm  near 
the  Halfway  House,  and  Molengraaff  ^  refers  to  actinolite-schist  at 
Yredefort  in  the  Orange  Free  State.  A.  Schenck '  also  speaks  of 
metamorphic  schists  at  Grobler's  Farm,  Kromdraai,  and  Sterkfon- 
tein,  and  correlates  them  with  his  Swasi  Schists  of  the  De  Kaap 
and  Zoutpansberg. 

Associated  with  the  granitic  rocks  are  eruptive  masses  of  basic 
rocks  (norite,  gabbro,  dolerite),  while  the  whole  complex  is  pierced 
in  many  places  by  dykes  and  veins  of  pegmatite,  granophyre,  micro- 
granite,  and  felsite.  No  doubt  there  were  several  periods  of  eruption, 
and  a  portion  of  the  rocks,  especially  the  dykes,  are  possibly  of  much 
later  age  than  the  original  Archcean  formation. 

The  gabbros  of  the  Zwartkoppie  hills,  north  of  the  Magaliesberg, 
are  well  described  by  Dahms.*  He  divides  them  into  (a)  gabbros 
rich  in  plagioclase  and  (b)  gabbros  rich  ia  pyroxene.  A  section  ' 
of  gabbro  from  the  north  side  of  the  Magaliesberg  range  (8  miles 
north  of  Rustenburg)  shows  it  to  be  a  beautiful  specimen  of  hyper- 
sthene-gabbro  or  norite,  consisting  of  a  holocrystalline  aggregate  of 
unclouded  plagioclase  and  fresh  highly-pleochroic  hypersthene. 

A  section  of  a  specimen  from  Uitkyk,  in  the  Heidelberg  district, 
discloses  a  quartz-felsite,  composed  of  rounded  crystals  of  quartz 
embedded  in  a  cryptocrystalline  (felsitic)  groundmass. 

III.  The  Cape  System. 

The  Cape  System  is  capable  of  division  into  five  distinct  groups 
or  series  of  beds. 

At  the  bottom  lies  a  series  of  quartzites  and  ferruginous  shales, 
locally  known  as  the  Hospital  Hill  Series.  Next  follow  the  sand- 
stones and  conglomerates  (partly  auriferous)  of  the  Witwatersrand. 
Lying  unconformably  above  the  latter,  and  resting  on  a  sheet  of 
basic  volcanic  rock  ('  Elipriversberg  amygdaloid '),  is  a  small  bed  of 
quartzite  and  conglomerate  known  as  the  Black  Reef.  Above  this 
is  a  thickly -bedded  dolomite,  followed  by  a  series  of  alternating 
quartzites,  shales,  and  volcanic  flows  for  which  the  name  Magaliesberg 
and  Gatsrand  Series  is  well  adapted. 

^  Dahms,  Neuos  Jahrb.  Beilage-Bd.  Tii  (1891)  p.  116. 

2  Neues  Jahrb.  Beilage-Bd.  ix  (1895)  p.  194. 

'  Zeitschr.  d.  DeutBch.  geol.  Gt»8ellsoh.  toI.  xli  (1889)  pp.  578  &  579. 

*  Op.  supra  cit,  p.  90. 

*  In  the  poHseasion  of  the  British  MuBeum  (Nat.  Hist.). 
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I  am  inclined  with  Molengraaff  *  to  separate  the  formation  into  an 
Upper  and  a  Lower  Division  ;  hut  whereas  he  puts  the  division 
between  the  dolomite  and  the  Black  Reef,  I  include  the  latter  and 
the  underlying  Klipriversberg  amygdaloid  in  the  Upper  Division 
namely : — 

(Magaliesberg  and  Ckktsrand  Series. 
Klipriyersberg  Amygdaloid. 
T^»..  T»-^-    /  Witwatersrand  Beds. 

1.  The  Hospital  Hill  Series. 

This  series  has  been  variously  named.  It  is  the  '  Schistose 
Rocks'  of  Alford,*  the  'Lower  Qnartzit^and-Shale  Group'  of 
Gibson,'  and  the  •  Alte  Schieferformation  '  of  Molengraaff.* 

Its  typical  occurrence  is  in  the  hill-range  on  which  the  Johannes- 
burg Hospital  stands,  and  generally  known  as  Hospital  Hill.  The 
formation  invariably  goes  by  this  name  locally ;  and  the  term 
clearly  indicates,  without  chance  of  confusion,  the  beds  to  which  it 
is  meant  to  be  applied. 

Distribution. 

This  formation  consists  of  four  or  five  alternating  series  of 
quartzites  and  shales,  the  former,  as  a  nile,  cropping  out  on  the  hill- 
ridges  and  the  latter  in  the  valleys.  Its  outcrop  measures  3  to 
6  miles  across  the  strike.  The  east-and-west  hill-range,  on  the 
southern  flank  of  which  Johannesburg  is  situated,  runs  north  of  the 
Main  Reef  Series  of  conglomerates  from  near  Boksburg  to  Krugers- 
dorp,  a  distance  of  45  miles.  The  dip  of  the  beds  is  southerly, 
mostly  at  a  high  angle ;  in  places  the  beds  are  even  vertical  at  the 
outcrop.  West  of  Krugersdorp  the  strike  changes  to  the  south-west, 
the  new  direction  being  maintained  for  about  20  miles  until  the  beds 
disappear  under  the  unconformably  overlying  dolomite  near  Wonder- 
fontein.  The  same  beds  reappear  at  a  point  about  10  miles  west 
of,  Frederikstad,  whence  they  run  in  a  well-defined  hill-range 
striking  south-west  past  Buffelsdoorn  and  on  to  Klerksdorp,  the  dip 
of  course  being  to  the  south-east.  East  of  Johannesburg  the 
Hospital  Hill  Series  can  be  traced  to  Klipfontein,  about  12  miles 
north-east  of  Boksburg,  where  it  disappears  under  the  dolomite.  It 
is  next  found  at  Boschmanskop  and  Vlakfontein,  some  10  miles 
north-west  of  the  Nigel,  and  is  there  striking  nearly  due  south  and 
dipping  west.  It  is  apparent  therefore  that,  while  hidden  by  the 
Dolomite  and  the  coal-beds  of  the  "Karoo  Formation,  the  strata  of 
the  Lower  Cape  Formation  have  swerved  round  to  the  south — an  im- 

'   Neaes  Jahrb.  Beilage-Bd.  ix(I895)p.  209. 

*  •  Geological  Features  of  the  Transvaal/  London,  1891,  p.  5. 

'  '  On  the  Geolo^  of  the  Gold-bearing  &  Associated  Bocks  of  the  Southern 
Transraal/  Quart.  Journ.  GeoL  Soc.  toI.  xlviii  (1892)  p.  420. 

*  Op.  aupra  cit.  p.  194. 
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portant  point  in  connexion  with  foUowinfc  np  the  auriferoiu  conglo- 
merates of  the  Main  Beef  SerieB  beyond  Klipfontein.  The  outcrops 
of  this  formation  on  Uitkyk,  Frischgewaagd,  and  Kuilfontein  closely 
resemble  those  of  Hospital  Hill,  and,  like  the  latter,  the  beds  are 
fEinlted  np  against  the  granitic  rocks  of  the  ArchsBan  formation. 

Another  important  occurrence  of  these  beds  is  north  of  the  Vaal 
River  granite  on  the  farms  Kodoeslaagte,  Kodoesfontein,  Wit- 
koppiefontein,  etc.  The  dip  here  is  south,  namely,  towards  the 
granite,  the  contacMine  being  here  also  a  faulted  one. 

There  remain  to  be  noted  several  small  inliers  of  the  Hospital 
Hill  Series  in  the  Heidelberg  district,  as  for  instance  on  Modder- 
fontein  and  Klipfontein,  some  12  miles  south  of  Heidelberg. 

Description  of  the  Rocks. 

The  rocks  of  which  this  formation  is  composed  consist  of  granular, 
sugary  quartzites,  and  banded,  highly  ferruginous  shales.  As 
already  pointed  out,  the  quartzites  generally  appear  as  ridges,  while 
the  shales,  on  account  of  their  feebler  resistance  to  the  weather, 
are  hollowed  out  into  valleys.  Occasionally,  however,  when  the 
shales  are  very  highly  imprecated  with  iron,  the  beds  resist  rapid 
weathering,  and  ridges  are  formed.  The  quartzites  are  generally  of 
a  white  saccharoidal  type,  consisting  of  subangular  quartz-grains 
which,  under  the  microscope,  are  seen  to  be  in  close  juxtaposition, 
there  being  no  interstitial  matter,  a  result  brought  about,  no  doubt, 
by  a  secondary  accretion  of  crystalline  silica  on  to  the  original 
quartz-grains. 

The  iron  in  the  ferruginous  shales  is  present,  partly  in  the  form  of 
specular  ore,  partly  as  magnetite.  The  shales  are  occasionally  striped 
or  banded,  ferruginous  layers  alternating  with  bands  of  jaspery 
quartz.  They  show  much  diversity  in  colour,  dependent  on  the 
state  of  oxidation  of  the  iron. 

W.  H.  Penning*  and  D.  Draper*  attach  considerable  importance  to 
certain  of  the  magnetite-beds  as  a  clue  to,  and  as  a  means  of  identi- 
fying, the  Main  Reef,  the  idea  being  that  they  are  continuous  and 
always  present  at  practically  the  same  distance  from  the  outcrop  of 
the  Main  Reef.  As,  however,  changes  in  the  dip  of  the  beds  cause 
a  great  variation  in  the  distance  between  the  outcrops,  and  further, 
since  there  are  many  such  '  magnetite- beds,'  no  one  of  which  can 
be  traced  continuously  for  any  great  distance,  the  proposed  method 
of  prospecting  is  of  no  practical  utility. 

With  regard  to  stratigraphical  relations,  the  junction  of  the 
Hospital  Hill  Series  with  the  Archaean  formation  is  always  a  faulted 
one.  As  to  the  overlying  strata,  I  see  no  reason  to  assume 
(with  Molengraa£f')  an  unconformity  between  this  series  and  the 
quartzites  and  conglomerates  of  the  Witwatersrand  Beds.   Wherever 

^  '  A  Contribution  to  the  Qeology  of  the  Southern  Tranfraal/  Quart.  Journ. 
GeoL  Soc.  voL  xWii  (1891)  p.  466. 
*  Trans.  GeoL  Soc.  S.  Africa,  vol.  ii,  pt.  i  (1897)  p.  7. 
s  Ileuea  Jahrb.  BeUage-Bd.  iz  (1896)  p.  178. 
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the  latter  appear  the  sabjaoent  Hospital  Hill  Series  is  invariably 
present,  and  although  there  may  be  occasionally  some  variation  in 
the  dip  of  the  two  series,  this  may  be  attributed  to  the  action  of 
strike-faults,  as  already  suggesiied  by  Gibson.*  I  have  observed  no 
evidence  of  folding,  and  estimate  the  thickness  of  the  Hospital  Hill 
Series  at  8000  to  10,000  feet. 

2.  Thb  WrrwATEBSBAND  Bbds. 

This  name  was  used  by  Penning  to  embrace  the  whole  of  the 
quartzite-and-conglomerate  series,  including  the  underlying  Hospital 
Hill  Series ;  and  since  no  better  name  has  been  suggested  I  shall 
continue  to  use  it,  but  in  the  more  restricted  sense,  excluding 
the  Hospital  Hill  Series. 

Distribution. 

In  the  main  section  (Witwatersraud)  the  quartzit'OS  and  con- 
glomerates of  this  series  crop  out  on  fairly  flat  or  gently  sloping 
ground  south  of  the  Hospital  Hill  range.  The  strike  is  here  east- 
and-west,  and  the  dip  south.  The  industry  of  the  Witwatersraud  is 
concentrated  along  the  line  of  outcrop  of  the  conglomerates  known 
as  the  *  Main  Eeef,'  and  an  uninterrupted  line  of  head-gears,  smoke- 
stacks, machine-shops,  and  other  structures  demarcates  its  course 
from  Boksburg  to  Krugersdorp,  a  distance  of  30  miles. 

At  Krugersdorp  the  beds  turn  to  the  south-west;  the  con- 
glomerates are  clearly  exposed  on  Eandfontein,  Droogeheuvel, 
Haartebeestfontein,  Witfontein,  and  Elandsfontoin.  On  the  latter 
farm  they  pass  under  the  dolomite.  Like  the  Hospital  HiU  Series, 
they  emerge  again  west  of  Frederikstad,  and  can  be  followed  past 
Buffelsdoom  on  to  Klerksdorp  and  thence  to  the  Vaal  River. 

Twelve  miles  east  of  Johannesburg,  namely,  at  Boksburg,  the 
Witwatersraud  Beds  are  covered  by  the  Coal-beds  of  the  Karoo 
Formation ;  but  4  or  5  miles  farther  east  they  emerge  again  on 
the  farm  Benoni,  and  can  be  followed  thence  through  Vlakfontein 
and  Modderfontein  to  Klipfontein,  where  they  once  more  pass  under 
the  Karoo  Formation.  Their  next  appearance  is  at  the  Nigel  Mine, 
striking  east  and  west,  but  dipping  north.  A  section  drawn  between 
Johannesburg  and  the  Nigel,  a  distance  of  about  30  miles,  discloses 
the  existence  of  a  very  complete  syncline.  Starting  immediately 
north  of  Johannesburg,  we  have  above  the  Archaean  rocks  the 
following  succession  of  beds  dipping  south  : — 

Hospital  Hill  Series. 

Witwatersrand  Beds,  with  the  different  aeries  of  ooDglomerates. 

Kliprifersberg  Amygd&loid. 

Black  Beef. 

Dolomite. 

Continuing  the  section,  the  same  beds  are  then  recrossed,  but  out- 
eropping  in  the  reverse  order  and  dipping  north,  the  section 
terminating  with  the  Archean  rocks. 

1  Quart.  Joum.  Oeol.  Soc.  vol.  xlviii  (1802)  p.  428. 
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From  the  Nigel  Mine  the  beds  can  be  traced  to  Heidelberg,  and, 
following  the  trend  of  the  hills  of  the  Zaickerboschrand,  they  run 
through  the  farms  Boschhoek,  Schickfontein,  etc.  to  Stryfontein  and 
Boschkop  on  the  Vaal  River,  east  of  Vereeniging,  where  they  are 
again  covered  by  the  Karoo  Formation. 

Farther  east  there  are  geveral  inlying  portions  of  the  Witwaters- 
rand  Beds,  extending  as  far  as  Greylingstad,  and  constituting 
a  synclinal  trough,  the  axis  of  which  runs  south-east.  The 
conglomerates  are  found  outcropping  on  the  northern  side  of  the 
syncline  on  the  farms  Rietfontein,  Rietbult,  Van  Kolders  Kop, 
Witpoort,  and  Doomhoek ;  and  on  the  southern  side  at  Roodepoort, 
Driefontein,  Hex  River,  Bamards  Kop,  Roodevaal,  Rietvlei,  Witpoort, 
Daspoort,  Tweefontein,  Driefontein,  and  Malans  Eraal.  The 
central  portion  of  the  trough  is  much  disturbed  by  igneous  intrusions 
of  a  basic  character. 

An  interesting  occurrence  of  these  beds  is  at  Venterskroon,  where 
they  lie  north  of  the  Hospital  HiU  Series  on  the  farms  Rooderand, 
Buffelskloof,  Kodoesfontein,  Buffelshoek,  Witkoppiesfontein,  etc. 
The  beds  dip  soutb,  and  apparently  underlie  the  Hospital  Hill 
Series  ;  but  it  is  evident  that  they  owe  their  position  here  to  reversed 
faulting,  and  not  to  an  inversion  of  the  beds  by  folding,  as  described 
by  H.  B.  BunkelL* 

Description  of  the  Beds. 

The  Witwatersrand  Beds  consist  of  alternating  quartzitic  sand- 
stones, grits,  and  conglomerates,  forming  a  series  which  has  an  aggre- 
gate thickness  of  from  11,000  to  15,000  feet.  The  sandstones  consist 
of  particles  of  white  quartz,  and  are  cemented  to  hard  compact 
quaxtzite  by  secondarily  deposited  silica.  They  are  of  a  dark  bluish- 
grey  where  unoxidized,  but  weather  at  the  surface  to  reddish  and 
yellow  tints.  Occasionally,  on  exposed  surfaces,  current-bedding 
and  ripple-marks  are  observable.  The  pebbles  of  the  conglomerates 
consist  almost  entirely  of  a  dark-coloured  but  pellucid  quartz, 
apparently  derived  from  the  breaking-down  of  ancient  vein-quartz. 
The  pebbles  vary  in  size  from  a  pea  to  a  hen's  egg,  though  occasionally 
much  bigger  pebbles  are  found.  Examination  under  the  microscope 
shows  that  the  cementing  material  of  the  conglomerates  consists  of 
a  mosaic  of  minutely  granular  but  distinctly  crystalline  quartz. 
The  rock  is  so  firmly  knit  together  by  tins  secondarily  deposited 
silica  that,  when  broken,  the  fracture  passes  irrespectively  through 
pebbles  and  matrix.  In  places  the  newly-deposited  quartz  has 
grown  on  to  the  pebbles  in  such  a  manner  as  to  obliterate  their 
original  margin  and  to  produce  a  rock  resembling  a  homogeneous 
and  glassy  variety  of  vein-quartz.  Of  other  minerals,  finely-divided 
iron  pyrites  is  the  most  common,  being  disseminated  through  the 
matrix  of  the  rock  in  fine  crystalline  particles ;  and  native  gold, 

^  '  Notes  on  the  YeDterskroon  Goldfields,'  Trans.  N.  Eng.  Inst.  Min.  & 
Mecb.  Eng.  vol.  zlvi  (1896)  pp.  68-61. 
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when  present,  is  in  intimate  association  with  this  mineral.  Qalena, 
blende,  and  copper  pyrites  occur  but  rarely.  In  the  surface-rocks, 
down  to  about  100  feet,  the  sulphides  of  iron  are  replaced  by  the 
oxides  of  that  metal. 

The  silicification,  or  more  generally  the  mineralization,  of  these 
conglomerates  is,  in  my  opinion,  the  result  of  secondary  processes 
of  infiltration  and  cr}stallization.  It  is  significant  in  this  connexion 
that  when  most  mineralized  the  conglomerates  are  often  seamed 
with  veins  of  white  quartz  (as,  for  example,  Ferreira  Mine  and  New 
Rietfontein  Mine) ;  and  there  can  be  little  doubt  that  tliese  veins 
were  formed  in  connexion  with  the  mineralization  of  the  conglo- 
merates. There  is  no  reason  for  ascribing  a  special  method  of 
origin  to  the  gold ;  and  I  hold,  therefore,  that  the  gold  has  been 
introduced  with  the  pyrites  with  which  it  is  in  intimate  association, 
as  a  part  of  the  general  process  of  mineralization,  and  I  cannot 
agree  with  those  authors  who  describe  the  conglomerates  as  deposits 
in  which  the  gold  was  either  pre-existing  (alluvial  gold)  or  was 
introduced  contemporaneously  with  the  deposition  of  the  pebbles 
and  sand. 

Some  particulars  of  the  Auriferous  Conglomerates  or 
*  Banket  Reefs '  of  the  Main  Reef  Series. 

Much  detailed  information  relating  to  the  auriferous  con- 
glomerates, now  generally  known  as  the  *  Main  Reef  Series,*  has 
been  already  published.*  Consequently  I  shall  confine,  myself  here 
to  a  few  points  only. 

The  outcrop  of  these  conglomerates  or  •  Banket  Reefs  '  follows  a 
fairly  regular  line,  extending  east  and  west  of  Johannesburg  from 
Witportje  at  the  western  extremity  to  Boksburg  at  the  eastern 
extremity,  a  distance  of  close  on  30  miles.  In  the  central  section, 
that  is,  near  Johannesburg,  the  strike  is  east  and  west ;  but  as  Boks- 
burg is  approached  the  outcrop  turns  towards  the  south-east,  passing 
finally  under  the  coal-beds  of  the  Karoo  Formation  at  Boksburg.  On 
emerging  some  4  or  6  miles  farther  east  they  strike  to  the  north- 
east, appearing  successively  on  the  farms  Benoni,  Kieinfontein,  Vlak- 
fontein,  Modderfontein,  and  KUpfontein.  On  the  latter  farm  they 
again  disappear  under  the  Karoo  Formation.  Although  much  com- 
plicated by  faulting  on  these  farms  (see  tig.  1,  p.  82),  the  different  series 
of  conglomerates  (Main,  Bird,  and  Kimberley)  can  be  recognized, 
both  by  stratigraphical  position  and  petrological  character.  Turning 
now  to  the  western  section  of  the  Rand,  we  find  on  the  farm  Wit- 
portje, near  Roodepoort,  13  miles  west  of  Johannesburg,  the  Main 
Beef  Series  thrown  north  a  distance  of  3  miles  by  a  great  fault, 
known  as  the  *  Witportje  break.'     The  beds  resume  their  normal 

»  Gibson,  Quart  Journ.  Geol.  Soc.  vol.  idviii  (1892)  p.  409;  Schmeisser, 
*  Ueber  Vorkomraen  u.  Gewinnung  der  nutzbaren  Mineralien  in  der  siidafrikan. 
Republik'  Berlin,  1894;  Hatch  &  Chalmers,  *  The  Gold  Mines  of  the  Hand, 
London  1895,  pp.  22-87;  Karl  Futterer,  *Afrika  in  seiner  Bedeutung  fiir 
die  Goldproduktion,'  Berlin,  1895 ;  De  Launay,  *  Les  Mines  d'Or  du  Transvaal, 
Paris,  18&6 ;  also  Trans.  Fed.  Inst  Min.  Eng.  vol  xi  (1896)  p.  378. 

aJ.G.8.  No.  213.  O 
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course,  namely,  east,  on  the  properties  of  the  French  Rand  and 
Champs  d'Or  Gold  Mining  Companies.  On  these  properties  the 
Main  Beef  Series  is  known  as  the  'Bothas  Series,'  while  the 
Kimberiey  Series  is  called  the  *  Battery  Reef  Series.'  Traced  still 
farther,  the  beds  swerve  to  the  south  through  Randfontein  and 
Uitvaalfontein,  until  again  cut  oflf  by  an  east-and-wesfc  fault,  which 
carries  them  on  to  the  farms  Droogeheuvel,  whence  they  may  be 
followed  south-west  through  Haartebeestfontein  and  Witfontein. 

Examined  in  detail  in  the  mine-workings,  the  beds  are  found  to 
have  suffered  numerous  minor  dislocations  by  cross-courses,  the 
faulting  being  in  many  cases  accompanied  by  igneous  intrusion  (as 
in  ^g,  2).      Several  instances  of  overt  hrust  and  reduplication  by 

Fig.  2. —  Upthrow  fault  in  the  Crown  Reef  Mine. 
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reversed  faults,  coursing  with  the  strike  of  the  beds,  have  also  been 
observed,  reference  to  which  will  be  made  in  the  sequel.  With 
regard  to  gold-contents,  the  best  section  of  payable  ore  extends  for 
about  10  miles  in  the  central  part  of  the  Rand  (near  Johannesburg). 
Outside  this  section  occasional  patches  of  payable  or  even  rich  ore 
are  found,  but  the  general  average  is  low-grade,  and  there  are 
many  places  where  the  auriferous  contents  are  not  sufficient  to 
repay  working. 

Several  good  sections  through  the  Witwatersrand  Beds  have 
been  obtained  by  deep  borings  in  different  parts  of  the  Rand. 
These  have  been  carried  down  to  various  depths,  in  one  case 
exceeding  3000  feet,  and  the  results  obtained  show  a  remarkable 
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degree  of  uniformity  in  regard  to  the  sequence  and  continuity  of 
the  different  conglomerate-beds.  Thus,  the  Bezuidenville  borehole, 
put  down  at  a  point  5800  feet  south  of  the  outcrop  of  the  Main 
Reef  at  the  Meyer  &  Charlton  Mine,  near  Johannesburg,  intersected 
the  Main  Reef  at  3200  feet,  the  dip  at  that  depth  being  about  27°. 
A  section  of  the  strata  passed  through  is  as  follows : — 

Feet. 

Quartzite  with  shale-band 8  1120 

Quartzite  with  couglonierate-beds  (Bird  Series)    350 

Quartzite  with  ot^ca^ional  epidiorite-dykes 1650 

Quartzite  with  couglomerate-beds   (including  South   and 

Main  Reef  Series) 230 

Quartzites  330 

Shales  to  bottom  of  borehole   150 

A  borehole  (*  New  Rand  Mines  borehole '),  put  down  3500  feet 
south  of  the  Aurora  West,  struck  the  Main  Reef  at  a  depth  of 
2040  feet,  the  dip  being  27°.  This  borehole  being  located  a  few 
feet  north  of  the  outcrop  of  the  Bird  Reef  Series,  it  just  missed 
them.  It  passed  through  2600  feet  of  quartzites  and  grits  with 
epidiorite-dykes.  At  2030  feet  the  Main  Reef  Leader  was  inter- 
sected, at  2038  feet  the  Main  Reef,  at  2089  feet  the  Bird  Reef,  and 
the  borehole  passed  into  the  Bottom  Shales  (Hospital  Hill  Series)  at 
a  depth  of  2438  feet  (see  fig.  3,  facing  this  page). 

The  Rand  Victoria  borehole,  put  down  4400  feet  south  of  the 
outcrop  of  the  Main  Reef  at  the  Simmer  &  Jack,  intersected  the 
conglomerates  of  the  Bird  Series  at  400  feet,  those  of  the  Livingstone 
Reef  at  1620  feet,  the  South  Reef  at  2348  feet,  and  the  Main  Reef 
at  2390  feet. 

The  Chimes  Mines  borehole,  put  down  3820  feet  south  of  the 
outcrop  of  the  Main  Reef  at  the  Kleinfont<jin  Mine,  7  miles  east 
of  Boksburg,  passed  through  the  upper  portion  of  the  Bird  con- 
glomerates at  210  to  228  feet,  and  through  the  lower  portion  of  the 
same  series  at  430  to  454  feet.  It  intersected  the  Chimes  or  South 
Reef  Series  between  1154  and  1194  feet,  the  Main  Reef  Leader 
at  1738  feet,  and  the  Main  Reef  at  1754  feet.  The  dip  at  this 
depth  was  22°. 

The  following  section,  which  gives  the  estimated  thickness  of  the 
different  beds  of  the  Witwatersrand  Series,  has  been  constructed 
partly  from  information  obtained  by  boring,  partly  from  measure- 
meats  across  the  outcrop  of  the  beds : — 

Feet. 
From   the  base  of  the  Klip-  ]  conglomerates  and  "j 

riversbergAtnygdaloid  to  the  I  quartzites  (Elsburg  V    3000 

base  of  the  Klsburg  Series  ...  J  Series) J 

Kimberley  Series  to  Klsburg  Series,  quartzites 4000 

Kimberley  Series,  conglomerates     440 

Kimberley  Series  to  Bird  Series,  quartzites  1460 

Bird  Series,  conglomerates  100 

Bird  Series  to  South  Beef,  quartzites     1700 

South  Beef  to  Main  Beef,  quartzites  140 

Main  Reef  Series,  conglomerates     20 

Main  Beef  to  Bottom  Shales,  quartzites     400 

Total 11250 
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The    mine  -workings    on 

the  auriferous  oonglomerates 

(Main  Reef  Series)  have  dis- 
closed the  presence  of  a  great 

namher  of   dykes  traversing 

the  formation.     These  dykes 

are  invariably  of  basic  cha- 
racter,   and   vary    in   width 

from  a  few  feet  up  to  several 

hundred.     In    depth,   where 

unaltered,  they  are  close- 
grained,  dark-green  coloured 

rocks,  but   near  the   surface 

they  weather  into  a  reddish 

clay. 

I  have  had  sections  made 

from  specimens  collected  from 

the    deeper     levels    of     the 

mines    (Ferreira,    Meyer    & 

Charlton,     Robinson     Deep, 

Simmer   Jb   Jack,    etc.)    and 

from  some  of  the  deep  bore- 
holes. They  are  all  practi- 
cally of  the  same  description, 

belonging   to    the   epidiorite 

group.      To    give   examples, 

a    section   of   the    Wemmer 

dyke  in  the   Ferreira   Mine 

shows    fragmentary    crystals 

and  shreds  of  strongly  pleo- 

chroic      hornblende     (brown 

and     green)   in     a    felt-like 

aggregate   of   pale  green  to 

colourless  hornblende,  a  little 

plagioclase  -  f  el  spar,     apatite, 

ilmenite,  leucoxene,  and  cal- 
cite. 

The  margins  of  dykes  are 
invariably  schistose,  and  the 
smaller  dykes  are  sometimes 
completely  transformed  into 
homblendic  and  chloritic 
schist. 

A  section  from  the  margin 
of  the  big  dyke  in  the  Ferreira 
Mine  showed  a  mass  of  minute 
interlacing  needles  of  horn- 
blende (uralite)  with  occa- 
sional granules  of  felspar ;  in 
fact,  a  typical  hornblende- 
schist  This  transformation 
from  massive  dolerites  of 
purely   igneous    origin    into 
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typical  crjstalliDe  schist  is,  of  course,  due  to  dynamic  causes  which 
are  connected  with  the  reversed  faulting,  and  other  earth-move- 
ments that  have  affected  these  beds,  to  which  I  shall  have 
occasion  to  refer  later  on. 

3.  The  Black  Keep  and  Klipbivsrsbebo  Amtgdaloid. 

The  Black  Beef  formation  consists  of  a  thin  band  of  quartzites, 
not  more  than  50  feet  thick  at  the  most,  but  inclined  at  a  very 
slight  angle,  and  therefore  in  places  spreading  out  over  a  compara- 
tively large  area.  These  quartzites  have  at  their  base  a  thin,  narrow 
seam  of  pebbles,  which  is  often  highly  mineralized  with  sulphides  and 
oxides  of  iron.  In  places  also  it  carries  gold.  The  pebbles  consist 
of  quartz,  as  in  the  Witwatersrand  conglomerates,  but  a  distin- 
guishing feature  is  the  presence  of  pink  and  dark-coloured  cherty 
and  jaspery  pebbles.  The  matrix  is  also  much  more  pyritic,  and 
the  pyrites  b  sometimes  present  in  the  form  of  nodules.  It  is  this 
seam  which,  on  account  of  its  dark  colour,  gives  the  name  to  the 
formation.  The  name  is  universally  adopted  in  the  Transvaal; 
although  Molengraaff^  uses  the  designation  'Boschrand  Series,'  from 
the  name  of  a  small  ridge  formed  near  Elerksdorp. 

The  Black  Reef  overlies  unconformably  the  Witwatersrand  Beds, 
and  although  along  the  Band  proper  it  may  appear  to  conform  to 
the  older  series,  there  are  several  places  where  it  can  be  seen  over- 
lapping them :  for  instance,  at  Eandfontein,  Hill's  Waterfall,  and 
Elandsvlei,  west  of  Randfontein ;  ako  at  Middelvlei,  Rietfontein, 
Blaauwbank,  and  Elandsfontein,  near  Wonderfontein.  The  sinuous 
course  pursued  by  the  Black  Reef  will  be  well  seen  on  the  accom- 
panpng  map.  An  interesting  little  inlier  of  the  Black  Reef  is 
worthy  of  note  at  Katdoombosch,  close  to  Frederikstad. 

Between  the  deposition  of  the  Witwatersrand  Beds  and  the 
Black  Reef  formation  there  was  a  considerable  eruption  of  basic 
volcanic  rock  now  forming  the  £lip  River  Hills,  and  known  as  the 
Elipriversberg  Amygdaloid,  on  account  of  the  number  of  infilled 
vesicles  which  distinguish  it.  These  vesicular  cavities  are  filled  with 
the  usual  secondary  minerals,  chiefly  chlorite,  quartz,  and  calcite. 
A  section  of  the  rock  shows  a  felt-like  aggregate  of  felspar-needles 
and  augite-granules,  in  which  are  embedded  small  porphyritic 
crystals  of  augite,  and  less  frequently  large  crystals  of  plagiodaae- 
felspar. 

The  flows  are  of  immense  thickness,  amounting  in  the  aggregate 
to  at  least  5000  feet.  They  were  produced  by  the  volcanic  out- 
pourings which  took  place  after  the  deposition  of  the  Witwatersrand 
sediments;  and  this  fact  may  help  to  explain  the  unconformity 
which  exists  between  those  beds  and  the  Black  Reef. 

4.  The  Dolomite  Fobhation. 

The  Dolomite  is  one  of  the  most  interesting  and  widespread 
members  of    the  Cape  System  in  South  Africa.      It  was  first 

^  Neues  Jahrb.  BeUage-Bd.  ix  (1895)  p.  216. 
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recognized  as  a  dolomitio  limestone  by  A.  Schenck/  who  noted  its 
widespread  occarrence,  mentioning  it  near  the  Magaliesberg,  in 
Bechuanaland,  the  Western  Transvaal,  the  Drakensberg,  and  Great 
Kamaqoaland.  Penning'  called  it  chaloedolite,  and  described  it  as 
a  calcareo-siliceons  rock  with  '  chalcedonic  texture ' ;  and  Alford' 
described  it  as  a  *  calcareous  quartzite  .  .  .  which  in  some  places 
passes  into  dolomite/  Cohen  ^  mentions  its  occurrence  in  the 
Transvaal  and  in  Griqualand  West.  Gibson  does  not  appear  to 
have  come  across  it,  since  he  does  not  mention  it.  Molengraaff 
calls  it  Malmani  Dolomite,*  from  its  occurrence  at  that  locality. 
Mr.  Draper  has  also  described  this  rock/ 

Distribution  in  the  Southern  Transvaal. 

The  Dolomite  and  its  accompanying  cherta  bulk  more  largely 
among  the  rocks  of  this  district  than  perhaps  any  other  formation. 
The  most  northerly  belt  has  its  northern  margin  immediately  south 
of  Pretoria,  while  its  southern  margin  is  in  contact  with  the  granite, 
the  junction  being  of  course  a  faulted  one.  The  dip  is  to  the  north, 
the  beds  constituting  the  northern  limb  of  an  anticline,  the  southern 
limb  of  which  is  found  some  10  miles  south  of  Johannesburg.  The 
two  belts  come  together  at  Wonderfontein,  20  miles  south-west  of 
Krugersdorp,  the  older  beds  disappearing  entirely  under  the 
dolomite  arch.  Twenty  miles  farther  west  they  reappear,  and 
separate  the  Dolomite  again  into  a  northern  belt  with  a  south- 
easterly dip  and  a  southern  with  a  north-westerly  dip.  The 
southern  belt  can  be  followed  to  the  Yaal  Eiver,  which  it  crosses  a 
few  miles  south-east  of  Elerksdorp. 

South-east  of  Johannesburg  the  southern  dolomite-belt  circles 
round  and,  striking  south-west,  forms  the  valley  of  the  E^ip  Biver, 
and  finally  passes  under  the  Karoo  Formation  at  Yereeniging.  A 
narrow  band  of  the  Dolomite  forms  the  outer  ring  of  the  southerly- 
dipping  beds  round  Yenterskroon.  According  to  its  dip,  it  would 
appear  to  underlie  the  quartzites  and  conglomerates  of  the  Wit- 
watersrand  Beds  that  occur  here;  but  its  anomalous  position  is 
due  to  reversed  faulting. 

No  recognizable  fossils  have  yet  been  found  in  the  Dolomite 
Formation,  although  Cohen  ^  mentions  the  occurrence,  near  the 
Makwassispruit,  between  Elerksdorp  and  Potchefetroom,  of  im- 
pressions of  crinoids  and  brachiopods  resembling  Orthis  and  Chonetes. 
In  places  a  well-developed  oolitic  structure  is  observable  in  the  rock, 
especially  in  the  siliceous  layers. 

1  ZeitMhr.  der  Deutsch.  geol.  GtMellflch.  vol  xli  (1889)  p.  678. 

•  Quart  Journ.  Geol.  See  vol.  xU  (1886}  p.  676. 

'  *  Geological  Features  of  the  Transvaal/  liondon,  1891,  p.  6. 

•  Dahrot,  Neues  Jahrb.  Beilage-Bd.  tu  (1891)  p.  117,  and  Gots,  ibid,  Beilage- 
Bd*iT  (1886)  p.  116. 

•  Op,jamctt.^.2lS. 

•  Quirt.  Journ.  GeoL  8oo.  vol.  1  (1894)  p.  561. 
^  Dahmt,  op.  Jam  cit.  p.  118. 
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Description  of  the  Dolomite. 

This  formation  has  an  aggregate  thickness,  according  to  my 
estimate,  of  from  6000  to  8000  feet.  It  is  made  up  of  two  types 
of  rock : — 

(1)  A  compact  bluish-grey  magnesian  limestone. 

(2)  A  hard  white  or  grey  chert. 

These  two  rocks  appear  in  close  association,  the  limestone  almost 
invariably  having  layers  of  chert  interbedded  with  it.  Sometimes, 
however,  the  siliceous  rock  entirely  replaces  the  dolomite,  and 
nothing  but  hard,  smooth  masses  of  chert  are  then  seen  outcropping. 
It  is  this  fact  that  gave  rise,  no  doubt,  to  Penning's  designation  of 
the  formation  as  chalcedolite,  and  Alford's  description  as  calcareous 
quartzite.  The  cherty  layers  are  occasionally  much  brecciated. 
By  weathering  the  dolomite  acquires  a  whitish-brown  crust  and  a 
curiously  wrinkled  or  corrugated  appearance,  which  has  given  rise 
among  the  Boers  to  the  name  of  Elephant  Rock  (Olifants  Klip),  on 
account  of  its  resemblance  to  the  skin  of  an  elephant.  This  appear- 
ance is  caused  by  the  removal  of  the  softer  calcareous  portions  of 
the  rock,  leaving  the  hard  siliceous  ribs  and  nodules  sticking  out. 
The  weathered  surfaces  are  invariably  coated  with  a  brown  dust, 
consisting  of  hydrated  oxide  of  manganese  (wad).  This  manganese 
is  derived  from  the  dolomite  in  which  it  is  present  in  the  form  of 
carbonate  of  manganese. 

A  remarkable  feature  of  the  limestone  is  the  frequent  occurrence 
of  large  swallow-holes,  like  those  found  in  the  Carboniferous  Lime- 
stone of  this  country.  Another  interesting  feature  is  the  great 
quantity  of  water  carried  by  the  strata  of  this  formation.  The 
beautifully  clear  water  of  the  Mooi  River  springs  from  this  forma- 
tion, the  water  welling  out  from  the  rocks  in  considerable  abun- 
dance. One  of  these  so-called  '  eyes '  or  springs  of  the  Mooi  * 
River  is  situated  20  miles  to  the  north-east  of  Ventersdorp  and 
another  close  to  Frederikstad.  These  springs  are  probably  connected 
by  an  underground  channel  with  the  strong  stream  of  water  which 
is  seen  underground  in  the  Wonderfontein  caves,  22  miles  south- 
west of  Krugersdorp.  Another  similar  spring  or  *  eye '  is  the 
source  of  the  Schoon  ^  Spruit,  6  miles  north  of  Ventersdorp,  and 
there  is  one  at  the  source  of  the  Klip '  River. 

With  regard  to  the  physical  and  chemical  composition  of  the 
dolomite,  a  section  examined  under  the  microscope  shows  it  to  be  of 
thoroughly  crystalline  character,  having  almost  the  appearance  of 
marble.  The  chemical  composition  is  shown  by  the  following 
analysis,  kindly  made  by  Mr.  G.  T.  Prior,  of  the  Mineralogical 
Department  of  the  British  Museum  : — 

'  Mooi = beautiful. 
'  Schoon  s  fair,  bright. 
*  K]ip=:rock. 
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CaO 29-61  percent. 

MgO  19-71 

FeO 135 

MnO   1-18 

SiO„    094 

COa+n,0 46-69 

99-48 

Ihia  analysis  shows  that  the  dolomite  has  the  following  percentafife 
proportion  of  carbonates  : — 

CaCOg  =  62-87 
MgCO,  =  41-39 
FeCOj  =  2-17 
M0C03-    1-99 

The  BX>ecific  gravity  is  2*88.  Ignited  strongly  on  platinum  foiJ, 
the  powdered  dolomite  turned  chocolate-brown,  due  to  the  oxida- 
tion of  the  manganese. 

Certain  portions  of  the  dolomite  are  highly  impregnated  with 
silica  ;  and  almost  every  graduation  appears  to  exist  between 
dolomite  and  chert.  A  specimen  of  siliceous  dolomite  analysed  by 
Mr.  Prior  gave  6*84  per  cent,  of  residue  after  treatment  with 
hydrochloric  acid.  The  percentage  of  silica,  however,  was  only 
2*81  per  cent.  A  siliceous  layer  in  the  dolomite  analysed  by  Dahms 
gave  the  following  result  * : — 

SiO, 6216  per  cent. 

OaO 9-07 

MgO   3-01 

Veins  of  quartz  (sometimes  carrying  gold)  are  of  fairly  frequent 
occurrence  in  the  Dolomite  Formation.  Often  these  veins  occupy 
a  horizontal  position.  They  are  always  associated  with  deposits  of 
oxides  of  manganese  (pyrolusite,  wad,  etc.).  Other  mineral  deposits 
are  also  found  (galena,  copper  sulphides). 

Some  interesting  dykes  occur  in  the  dolomite.  Two  of  these, 
lying  5  miles  apart  at  Wonderfontein,  22  miles  south-west  of 
Krugersdorp,  strike  north  and  south.  They  are  handsome  pink 
porphyry-rocks  and  are  quarried  for  ornamental  building-stone.  A 
section  of  the  western  dyke  shows  under  the  microscope  porphyritic 
crystals  of  orthoclase,  plagioclase^  and  augite  embedded  in  a  holo- 
crystalline  and  granophyric  groundmass  of  quartz  and  felspar.  It 
may  be  termed  a  *  granophyric  syenite.'  This  rock  has  been 
described  by  Dahms*  under  the  name  of  syenite-porphyry.  The 
eastern  dyke  is  of  similar  composition,  but  contains  no  quartz.  It 
consists  of  green  augite,  brown  mica,  and  large  lath-shaped  crystals 
of  orthoclase-felspar.     It  is  an  augite- syenite. 

'  Neucs  Jahrb.  Beilage-Bd.  vii  (1891)  p.  118. 
»  Ibid,  p.  129. 
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Feet 

Sandstone     250 

Shale 120 

Coal  Thin  seam. 

Shale 76 

Coal 14 

Shale  and  sandstone    11 

Breccia  and  fireclay    50 

Resting  unconformablj  on  dolomite. 

Certain  bands  in  the  overlying  sandstones  are  rich  in  fossil 
plant-remains.  Mr.  Leslie,  the  owner  of  a  quarry  at  Vereeniging, 
was  good  enough  to  make  for  me  a  collection  of  these  plant- 
remains  ;  the  specimens  have  been  submitt-ed  to  Mr.  A.  C.  Seward, 
who  favours  me  with  the  following  description  of  them. 

Notes  on  the  Plant-Remains. 
By  A.  C.  Seward,  Esq.,  M.A.,  P.G.S. 
The  specimens  sent  to  me  from  Dr.  Hatch  nre  iu  the  form  of 
impressions  on  a  fine-grained  sandstone  from  Vereeniging.  They 
consist  of  Glossopteris  Broumiana^  Brongn.,  Gangamopt€ri8  cycle- 
pteroidesy  Feist.,  Ncegijeruthiopsis  Hislopi  (Bunb.),  and  an  imper- 
fectly preserved  Sigillariay  with  portions  of  stems  which  I  am 
unable  to  identify  from  the  imperfect  fragments.  This  association 
of  species,  which  has  been  recently  described  from  the  Vereeniging 
rocks,*  points  to  a  Permo-Carboniferous  age.  The  large  parallel- 
veined  leaves  referred  to  as  those  of  Nceggeraihiopsis  Hulopx 
are  much  bett-er  than  any  of  the  specimens  sent  to  me  by 
Mr.  Draper  from  the  same  locality ;  their  striking  resemblance  to 
European  species  of  Cordaites  suggests  the  possibility  that  some  at 
least  of  the  Soiithern  Hemisphere  leaves  referred  to  Noeggerathiopsis 
would  be  more  correctly  designated  Cordaites.  Recent  discoveries 
have  made  us  acquainted  with  new  points  in  common  between  the 
northern  and  southern  Permo-Carboniferous  floras,  and  it  is  probable 
that  the  genus  Cordaites  may  be  another  type  which  existed  in  the 
two  botanical  provinces  of  Upper  Palaeozoic  times. 

1.  Gangamopteris  cyclopteroides,  Feist,  (cf.  (?.  cyclopteroides,  var. 

attenuata).  The  midrib  is  rather  apparent  than  real,  the  veins 
radiating  from  the  base  of  the  frond.  Probably  identical 
specifically  with  the  species  sent  by  Draper.^ 

2.  Portions  of  two  leaves,  possibly   Olossopteris^  which  probably 

formed  part  of  a  tuft  of  long  narrow  fronds. 

3.  Fragment,  most  likely  Glossopteris, 

4.  (a)  Part   of    a   frond   of    Gangamopteris  cyclopteroides.      The 

broad  ridge  in  the  middle  of  the  leaf  is   a   feature   which 
appears  to  characterize  these  South  African  specimens.    Indiaa 
examples  occasionally  show  a  similar  median  line,  but  most 
of  them  are  without  anything  suggestive  of  a  midrib.' 
(h)  Frond  of  Glossopteris  Browniana,  var.  indica^  Brongn.* 

1  Quart.  Joum.  Geol.  See.  vol.  liii  (1897)  p.  315. 

2  IMd.  pi.  ixii,  fig.  1. 

^  Compare  Feistmantel, '  Flora  of  the  Talchir-Karharbari  Beds,'  Pal.  iudica. 
Tol.  iii  (1879)  pi.  xrvii,  fig.  3,  G.  cyclopteroides. 

*  Compare  Quart  Joum.  Geol.  Soc  vol.  liii  (1897)  pi  xxi,  figs/ 2^  4^3.^     1 
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5.  (a)  Gangamopierig  cydopteroides. 

(h)  A  large  frond  of  GloMopUris  Browniana^  Tar.  indica, 
characterized  in  this  specimen  by  the  lateral  veins  being  almost 
at  right  angles  to  the  midrib.  Bunbury  has  figured  precisely 
this  type  of  frond  from  Nagpur,  India.* 

(e)  Smaller  frond  of  Glossopteris  Browniana. 
6. Part  of  a  long  parallel-veined  leaf,  tapering  gradually  towards 
one  end.  This  is  no  doubt  the  same  plant  as  that  which  I 
recently  figured  ^  as  probably  an  Equisetaceous  stem.  I  spoke 
of  Draper's  specimen  as  either  a  leaf  or  stem,  but  the  present 
example  shows  obvious  leaf-characters,  and  makes  it  probable 
that  these  finely-veined  fossils  from  Vereeniging  are  the  leaves 
of  some  plant  like  the  European  CordaUes  or  the  Southern 
Hemisphere  Nctggeraihiopsis  Hislopi  (Bunb.).  Feistmantel 
has  figured  some  species  of  the  latter  plant  from  the  Talchir- 
Karharbari  beds  which  resemble  the  African  leaves. 

7.  A  lai^e  leaf  similar  to  specimen  6,  probably  Nceggerathiopsis 

Hislopi  (Bunb.).' 

On  the  other  side  of  the  rock,  Ganganiopteris  cydopteroides 
and  Glossopteris  Browniana, 

8.  Probably  part  of  a  very  large  leaf,  similar  to  nos.  6  and  7.    Com- 

pare Titanophyllum,  figured  by  Renault  &  Zeiller  from  the 
Commentry  Coal-field.*  There  is  a  striking  resemblance  be- 
tween the  large  leaves  (6,  7,  and  8)  and  those  from  Com- 
mentry and  elsewhere  referred  to  Dorycordaites,  Compare 
especially  specimen  7  and  Dorycordaites  from  Commentry.* 

9.  Identical  with  Draper's  fossil  recently  figured.*     This  may  be  a 

small  and  imperfectly-preserved  Sigillaria  Brardi  (Brongn.), 
but  it  is  difficult  to  be  sure,  owing  to  the  absence  of  detail  in 
the  impression. 

10.  Two   long   and  narrow  loaves   which  are   apparently   folded 

along  the  median  line  of  the  lamina.  Probably  fronds  of 
Gangamopierig,  not  fully  expanded.^ 

11.  Glossopteris  Browniana,  and  fragments  of  an  unknown  stem. 

12.  Stem? 

The  Transvaal  Coal  Beds  have  been  so  often  described®  that 
it  is  unnecessary  here  to  go  into  any  further  detail  concerning 
them. 

>  Quart  Joum.  Geo!.  See.  vol.  xvii  (1861)  pi.  viii,  fig.  1. 

^  Ibid.  vol.  liii  (1897)  pi.  xxii,  fig.  4  h. 

*  Compare  Fei^tTnantel,  op,  jam  cU.  pi.  xiv,  fig.  1. 

*  •  Flor.  Fobs,  Commentrj/  Atlas  See. Ind. Min^r.  ser.S,  vol.  iv  (1890)  pi.  Ixix. 
»  Ibid,  pi  IxTi. 

•  Quart  Joum.  Geol.  Soc.  vol.  liii  (1897)  pi.  xxii,  fig.  3. 
^  /Zr«i.pLxxi,  fig.  6. 

•  Penning,  Quart.  Joum.  Geol.  Soc  voL  xl.  (1884)  p.  658,  &  vol.  xlvii  (1891) 
p.  457  ;  Moiengraair,  Nenes  Jahrb.  Beilage-Bd.  ix  (189.^)  p.  232  ;  Draper,  Quart. 
Joum.  Geol.  jSoc.  vol.  liii  (1897)  p.  310,  &  Seward,  ibid.  p.  315  ;  A.  R.  Sawyer, 
'  Coal-mining  in  South  Africa,'  Newcastle  (Staffs),  1890. 
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V.  Thb  Volcahic  Bocks. 

The  period  during  which  the  beds  constitating  the  Cape  System 
were  deposited  was  undoubtedly  one  of  great  volcanic  activity; 
an  activity  which  was  probably  continued  intermittently  until  the 
Karoo  Beds  were  deposited,  since  contemporaneous  lava-flows  are 
quite  a  common  feature  in  the  Karoo  Beds  of  South  A£ica.  The 
Dwyka  Conglomerate,  which  has  given  rise  to  so  much  discussion  in  , 
South  African  geology,  lies  at  the  base  of  the  Karoo  formation, 
and  although  opinions  are  divided  as  to  its  mode  of  origin  I  should 
be  inclined  to  regard  it  as  evidence  of  the  enormous  volcanic  activity 
developed  at  that  period.  Specimens  of  this  rock  collected  by  the 
late  Prof.  Green,*  and  examined  microscopically  by  myself,  have  a 
very  marked  resemblance  to  the  aspect  of  a  volcanic  breccia  or  tuff, 
consisting  of  distinctly  angular  fragments  of  quartz,  felspar,  augite, 
olivine,  epidote,  magnetite,  mica,  besides  chips  of  volcanic  rocks 
embedded  in  a  minutely  fragmental  groundmass. 

With  regard  to  the  Southern  Transvaal,  at  least  ^  of  the  whole 
area  described  is  made  up  of  volcanic  rock.  I  have  already  re- 
ferred to  the  vast  eruption  of  basic  volcanic  rock  which  took  place 
between  the  deposition  of  the  Witwatersrand  Beds  and  that  of  the 
uncouformably  overlying  Black  Eeef,  and  known  as  the  KHprivers- 
berg  Amygdaloid.  I  have  also  described  some  of  the  types  of  the 
contemporaneous  flows  of  the  Magaliesberg  and  Gatsrand  Beds,  and 
mentioned  the  epidiorite-dykes  which  teem  in  the  Witwatersrand 
Beds.  I  have  now  to  refer  to  a  huge  outpouring  of  lavas,  some  of 
which  are  of  a  more  acid  type — rhyolites  and  andesites — whose  age 
I  have  not  been  able  to  determine.  It  is  certain,  however,  that  they 
are  younger  than  the  Witwatersrand  Beds.  This  volcanic  area  is  met 
with  immediately  west  of  Klerksdorp,  extending  thence  in  a  northerly 
direction  towards  Ventersdorp,  a  distance  of  40  miles,  and  having  in 
the  widest  sections  a  breadth  of  10  miles.  One  of  the  centres  of  this 
eruption  or  series  of  eruptions  appears  to  have  been  at  Platberg,  a 
flat-topped  hill  12  miles  north  of  Klerksdorp.  A  part  of  the 
rock  occurring  at  this  locality  is  of  a  true  rhyolite  or  liparite-t}T)e  ; 
but  rocks  of  a  more  basic  (GUidesitic)  character  occur  at  the  same 
locality,  and  may  be  portions  of  flows  emitted  at  a  different 
period. 

A  section  of  the  rhyolite  examined  under  the  microscope  shows 
it  to  consist  of  a  cryptocrystalline  or  *  felsitic '  groundmass,  in 
which  are  embedded  porphyritic  crystals  of  quartz  with  character- 
istic *  corroded '  edges  and,  less  frequently,  crystals  of  both  ortho- 
clase  and  plagioclase.  This  rock  has  also  been  described  by  Bahms,' 
under  the  name  of  quartz-porphyry,  from  the  Makwassi  Hills. 
The  andesite-type  is  distinctly  vesicular,  the  vesicles  being  filled 
with  secondary  minerals  (chlorite,  quartz,  etc.).  Under  the  micro- 
scope it  is  seen  to  be  composed  of  a  mesh  of  felspar-microlites  and 
granules  of  augite,  with  few  porphyritic  constituents. 

'  Quart.  Joura.  Gcol.  Soc.  vol.  xliv  (1888)  p.  242. 
3  Neues  Jahrb.  Beilage-Bd.  vii  (1891)  p.  108. 
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YI.  Thb  Age  abd  Geotbctohic  Kelatioks  of  the  Formations  op 
THE  Southern  Transvaal. 

It  has  been  sbown  above  that  the  Karoo  formation  rests  un- 
conformably  on  the  much  older  Cape  formation.  The  age  of 
the  former  system  has  recently  been  discussed  in  this  Journal 
by  Mr.  A.  C.  Seward,*  who  places  it  at  the  close  of  the  Palaeozoic 
and  beginning  of  the  Mesozoic  eras,  corresponding  to  the  Permo- 
Carboniferous  system  of  Europe.  With  regard  to  the  age  of  the 
Cape  formation,  there  is  very  little  to  help  one  to  a  correlation 
with  European  systems,  owing  to  the  absence  of  fossils.  It  is  re- 
markable that  strata  of  such  immense  thickness,  including  beds  of 
the  most  varied  composition,  such  as  sandstones,  shales,  and  lime- 
stones, should  show  no  trace  of  fossiliferous  remains.  One  reason 
for  this  is,  no  doubt,  the  fact  that  the  beds  show  evidence  of  consi- 
derable metamorphism  since  their  first  deposition ;  thus  we  find  the 
sandstones  converted  into  quartzites,  the  shales  into  haematite-  and 
magnetite-schists,  the  limestones  silicified  and  marmorized,  while 
the  accompanying  basic  igneous  rocks  are  in  part  changed  to 
homblendic  and  chloritic  schists. 

For  the  sole  indication  of  the  age  of  these  beds  we  have  to  look 
to  the  Cape.  In  the  Cape  Peninsula  an  occurrence  of  Devonian 
fossils  has  been  recorded  in  the  Bokke^eld  Shales.'  These  shales 
have  no  counterpart  in  the  Transvaal,  but  they  lie  on  the  Table 
Mountain  Sandstone,  of  which  the  Witwatersrand  sandstones  and 
conglomerates  are  generally  held  to  be  the  Transvaal  facies.  But 
this,  although  extremely  probable,  has  not  been  proved,  and 
nothing  short  of  the  completion  of  a  geological  survey  of  South 
Africa  is  likely  to  prove  it. 

As  already  pointed  out,  the  Cape  System  in  the  Transvaal  is 
separated  by  an  unconformity  into  an  upper  and  a  lower  portion. 
The  upper  beds  include  the  sandstones  and  shales  of  the  Gatsrand 
and  Magaliesberg  Series  and  the  wide-spread  Dolomite  Formation, 
while  the  lower  beds  comprise  the  Witwatersrand  Beds  and  the 
Hospital  Hill  shales  and  quartzites.  Consequently,  if  we  assume 
that  the  lower  beds  a^e  of  Devonian  age,  it  is  possible  that  the 
upper  beds  may  correspond  to  the  Lower  Carboniferous  of  Europe. 

Turning  now  to  the  geotectonic  relations  of  the  district,  we  find 
that  the  central  portion  of  the  great  anticline  formed  by  the 
Dolomite  Formation  and  the  overlying  Magaliesberg  and  Gatsrand 
Series  has  been  removed  by  denudation,  so  as  to  bring  to  view 
the  older  beds  of  the  Witwatersrand,  and  with  them  the  igneous 
complex  of  Archaean  rocks.  The  presence  of  the  latter  can  be  ex- 
plained only  by  the  assumption  that  they  have  been  elevated  to  their 
present  position  by  earth-movements  of  considerable  magnitude,  or 
that  the  beds  of  the  Cape  System  have  been  lowered  by  *  trough- 

»  Vol  Uii  (1897)  p.  334. 

*  D.  Sharpe  and  J.  W.  Salter,  Trans.  Geol.  Sec.  ser.  2,  vol.  Tii  (1856)  p.  203, 
and  F.  Sandberger,  Neuee  Jahrb.  1852,  p.  581. 
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faulting/  The  latter  assumption  is  by  far  the  more  probable.* 
But,  whether  caused  by  an  elevation  of  the  Archaean  rocks  or  by  the 
sinking  of  the  Cape  Beds,  the  relative  displacement  has  had  a 
marked  effect  on  the  latter,  producing  in  them  all  the  results  of 
strong  dynamic  influences.  Lateral  thrusting  has  turned  the 
Witwatersrand  Beds  sharply  up  on  edge  near  their  outcrop,  and 
several  well-marked  reversed  faults  have  been  observed  in  the 
course  of  the  development  of  the  mines.^ 


Fig.  4. — Reversed  Fault  in  the  Witwatersrand  Mine, 


Scale  of  feet 


A  good  example  of  these  reversed  faults  is  that  which  causes  a 
double  outcrop  of  the  Main  Reef  Series  of  conglomerates  on  the 
properties  of  the  Witwatersrand  and  Glenluce  Gold  Mining  Com- 
panies (see  fig.  4),  the  distance  between  the  two  outcrops  being 
400  feet,  and  the  vertical  displacement  450  feet.     Another  fault  of 


^  Prof.  Suess,  to  whom  I  sent  my  map,  writes  me  (Nov.  0th,  1897) : — 
*  Your  work  shows  in  full  cloarnesa  the  picture  of  a  curved,  complex  syncline 
sunk  into  Archflean  rofka  between  faults. 

*  It  may  be  noted  that  these  dislocations  are  caused  by  strike-faults ;  nume- 
rous cross-faults  ha\e  also  been  observed,  but  they  produce  displacements  of  a 
normal  type. 
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the  same  character,  and  possibly  identical  with  the  fault  just 
described,  exists  in  the  eastern  portion  of  the  Simmer  &  Jack 
Mine,  and  extends  into  the  Rose  Deep.  This  fault  strikes  to  the 
south-east,  and  dips  south-west  at  an  angle  of  60^  The  trace  of 
the  fault-plane  at  the  surface  makes  an  angle  of  37^  with  the  reef- 
outcrop.  The  horizontal  displacement  is  650  feet,  and  the  vertical 
displacement  about  400  feet.  A  considerable  extrusion  of  igneous 
matter  has  taken  place  along  the  plane  of  faulting  (see  fig.  5). 

Fig.  5. — Reversed  fauU  hy  the  Cheat  Simmer  Djhe, 


in  the  Rose  Deep^  Witwatersrand. 


Scale   oP  Feet 


400        too 


[The  petition  of  the  reefs  shown  on  the  left  of  the  figure  is  conjectural.] 

Another  fault  in  the  Metropolitan  Mine  caused  a  repetition  of 
the  Main  Beef,  so  that  the  same  reef  was  worked  down  from  the 
surface  for  several  levels  in  two  parallel  stopes.  Similar  overthrust- 
faults  have  been  observed  in  many  of  the  mines,  as,  for  example, 
the  George  Goch  and  Nourse  Deep,  the  Crown  Deep  (fig.  6,  p.  98), 
Langlaagte  Royal,  Simmer  &  Jack,  etc.  On  a  property  known  as 
the  Kip,  in  the  Western  Rand,  a  series  of  parallel  strike-^ults  causes 
a  four-  or  five-fold  repetition  of  the  outcrop  of  the  Battery  Reef 
conglomerates.  Instances  could  be  multiplied,  but  sufiicient  has 
been  said  to  show  that  reversed  faulting  exercises  an  important 
infiuence  on  the  tectonic  character  of  the  Witwatersrand  Beds.^ 

*  Compare  also  Gibion,  Quart.  Journ.  Geol.  Soc.  yol.  xlviii  (1892)  pp.  412 
&428. 
Q  J.G.S.  No.  213.  H 
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Certain  mineralogical  changes  are  likewise  observable  as  a  con- 
sequence of  the  dynamic  influences.  Thus  a  white  silvery  mica  or 
sericite  is  commonly  developed  in  the  conglomerates ;  this  mineral 
is  found  in  filmy  layers  round  the  pebbles,  and  in  those  portions  of 
the  beds  where  differential  movement  has  been  sufficiently  great 
to  develop  schistose  structure.  The  pebbles  themselves  have 
occasionally  been  fractured,  or  even  completely  shattered,  and  the 
fragments  re-cemented  by  secondary  quartz.  The  siliciflcation  of 
the  quartzites  by  the  deposition  of  secondary  quartz,  as  described 
above,  is  probably  also  a  consequence  of  dynamic  metamorphism. 
The  alteration  of  the  dolerite- dykes,  first  to  epidiorites,  thence  to 
hornblende-schists,  and  finally  to  chlorite-schists  must  be  ascribed 
to  the  same  influences. 


Fig.  6. — Reversed  fault  in  the  Crown  Deep  Mine^ 


Scale  of  Feet 
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The  curiously  complicated  structure  of  the  Venterskroon  district, 
near  Potchefstroom,  on  the  Vaal,  where  the  normal  succession  of 
the  members  of  the  Cape  System  is  reversed,  is  undoubtedly  caused 
by  reversed  or  overthrust-faulting  on  a  large  scale  (see  PI.  VI). 
We  find  here,  as  already  pointed  out,  the  Magaliesberg  and  Gatsrand 
Series  dipping  apparently  under  the  Dolomite,  the  Dolomite  under 
the  Witwatersrand  Beds,  the  AVitwatersrand  Beds  under  the  Hospital 
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Hill  Series,  and  the  latter  dipping  in  towards  the  granite.  The  ex- 
planation of  this  inverted  sequence  is  to  be  sought  in  the  existence 
of  a  series  of  parallel  strike-faults  along  which  each  successiye 
older  series  has  been  thrust  up  and  over  the  younj^er  beds.  The 
beds  are  highly  tilted,  and  the  outcrop  of  each  series  torms  a  distinct 
range  of  hills.  The  fault-planes  are  masked  by  vast  outpourings 
of  igneous  rock,  which  probably  followed  closely  on  the  dynamic 
disturbances. 

In  conclusion,  I  have  only  to  add  that  in  writing  this  paper  I 
have  endeavoured  to  give  an  accurate  account  of  facts  as  they 
appeared  to  me,  and  have  purposely  avoided  going  into  theoretical 
or  controversial  matters.  Consequently,  among  other  things,  the 
interesting  question  as  to  the  mode  of  origin  of  these  formations, 
whether  by  oceanic,  lacustrine,  or  fluviatUe  action,  I  have  pre- 
ferred to  leave  for  others  to  settle. 


EXPLANATION  OF  PLATE  VI. 

Geological  Map  of  the  Southern  Transraal,  on  the  scale  of  about  11^  miles  to  the 
inch  ^ ;  general  section  across  the  Witwatersrand  from  the  Magaliesberg 
through  Johannenbarg  and  the  Nigel  Mine;  and  section  from  the 
GaUrand  across  the  Yaal  Kiver  to  Parys. 

Discussion. 

The  PRESiBEirr  congratulated  the  Author  on  his  important  com- 
munication, and  asked  whether  there  was  any  fossil  evidence  to  show 
the  age  of  the  beds  under  those  of  Permo-Carboniferous  age.  The 
unconformities  were  important,  and  might  indicate  that  there  were 
rocks  in  the  area  older  than  those  of  Palaeozoic  age.  "Would  it  not 
be  better  to  avoid  using  the  term  *  Primary '  for  crystalline  rocks 
su^ested  to  be  of  *  Archaean '  age  ? 

Mr.  C.  Dawson  pointed  out  the  great  lithological  resemblance  of 
the  specimens  on  the  table  from  the  Hospital  Hill  Series  to  some 
of  the  fluviatile  rocks  of  the  English  Wealden  group ;  particularly 
to  the  lower  beds  of  the  Hastings  Sands  and  Ashburnham  group. 
The  Cape  Series,  of  course,  was  a  much  older  formation  and 
had  suffered  change,  but  the  rocks  of  the  Hospital  Hill  Series 
appeared  to  have  suffered  least.  He  thought  that  palBDontological 
evidence  of  the  age  of  the  Cape  Series  should  be  specially  sought 
for  in  the  Hospital  Hill  Beds. 

Prof.  Le  Nbvb  Foster  said  that  he  considered  that  all  persons 
interested  in  gold-mining  were  much  indebted  to  the  Author  for  his 
very  valuable  contribution  to  our  knowledge  of  the  geology  of  a 
great  gold-bearing  region.  He  desired  information  upon  two 
points :  (i)  whether  the  conglomerate  beds  on  the  southern  side 
of  the  synclinal  are  as  rich  in  gold  as  those  which  have  been  so 
largely  worked  on  the  northern  side  ;  and  (ii)  what  surface-indica- 

*  [Tliis  map  is  publibhed  in  colours,  on  the  scale  of  4J  miles  to  the  inch,  by 
Mr.  B.  Stanford,  Cockspur  St.,  S.W.] 
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tioDs  guide  the  prospector  in  searching  for  the  outcrop  of  the  beds. 
Is  their  existence  indicated  by  quartz-pebbles  on  the  surface,  or  by 
ferruginous  outcrops,  or  what  ?  In  conclusion,  he  complained  of 
the  use  by  the  Author  of  the  expression  '  mineralization  of  the 
conglomerate ; '  he  wished  in  season  and  out  of  season  to  protest 
against  this  use  of  the  word  *  mineralization.'  He  quit^e  understood 
that  the  Author  meant  by  '  mineralization  '  the  deposition  of  iron- 
pyrites  and  silica  in  the  interstices  between  the  pebbles  ;  but  this 
implies  that  the  conglomerate  was  not  mineral  matter  beforehand. 

Mr.  W.  H.  Mbrbitt  thought  the  term  *  mineralization,'  in  the 
sense  objected  to  by  the  previous  speaker,  was  in  more  common  use 
on  the  North  American  continent  than  on  this  side  of  the  Atlantic. 
He,  however,  suggested  *  metallization '  as  a  more  correct  term.  He 
congratulated  the  Author  on  his  paper,  and  said  that  what  he  thought 
of  special  interest  was  the  mode  of  occurrence  of  the  gold  in  these 
conglomerates.  He  said  that  this  showed  that  auriferous  solutions 
may  occur  in  a  very  unexpected  manner,  and  in  very  unexpected 
places ;  and  in  confirmation  of  this  he  alluded  to  a  locality  in 
British  Columbia,  where  gold  occurred  and  was  worked  in  deposits 
of  cupriferous  pyrrhotite  containing  virtually  no  free  quartz  and 
occurring  chiefly  in  gabbro. 

The  Rev.  J.  F.  Blake  and  Dr.  J.  W.  Gregory  also  spoke. 

The  AuTHOB,  replying  to  the  President,  admitted  that  in  describing 
the  ancient  crystalline  rocks  he  had  used  the  term  *  Primary ' 
indiscriminately  with  *  Archaean.'  He  agreed  that  it  would  perhaps 
be  better  to  discard  the  former,  and  to  use  the  latter  term  in 
preference.  With  regard  to  the  age  of  the  Cape  Formation,  he  had 
pointed  out  in  the  paper  that  the  Witwatersrand  Beds  were  probably 
correctly  correlated  with  the  Table  Mountain  Sandstone,  and  that 
the  latter  was  underlain  by  the  Bokkeveld  Shales,  in  which  cha- 
racteristic Palaeozoic  (Devonian)  fossils  had  been  found. 

Replying  to  Prof.  Le  Neve  Foster,  he  instanced  the  Nigel  Mine 
as  one  that  had  been  opened  up  in  payable  ore  on  the  southern  side 
of  the  synclinal.  There  was  nothing  to  indicate  which  of  the 
conglomerate-beds  might  carry  gold,  short  of  taking  samples  for 
panning  or  assay.  He  saw  no  objection  to  the  use  of  the  word 
'  mineralization '  to  indicate  a  secondary  impregnation  with  mineral 
matter. 

He  was  glad  to  find  that  Dr.  Gregory  confirmed  him  in  the  idea 
that  the  Dwyka  Conglomerate  was  a  volcanic  breccia,  and  conse- 
quently indicative  of  volcanic  activity. 
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7.    On   the  FrROMBRiBBs  of  Boulat  Bat  (JersbtX*"  JBy  JoHir 
Pabbihsos,  Esq..  F.G.S.     (Read  December  ISth,"  1^^5:7.) 

[Platbvil]  '••;.-. 

COJITERTB.  Plljil 

I.  Introduc-iion lUf 

IL  General  Characteristics  ol  the  Eock  101    ,.' 

III.  Comparison  with  other  Districts HO/' 

IV.  Pyromerides  with  relatively  large  QuarU-enclosuree   116*'  ^''\, 

I.    IlTTBODUCTIOK.  '  "'\ 

The  acid  lavas  forming  the  more  easterly  part  of  the  northern  coast ' 
of  Jersey  have  been  the  subject  of  investigation  by  many  geologists.  ' 
M.  de  Lapparent,  in  a  note  on  the  eruptive  rocks  of  the  Isle  of 
Jersey  ^  published  in  1884,  summarized  these  accounts,  and  his 
paper  was  extensively  quoted  by  M.  Noury  in  his  ^Geologic 
de  Jersey/  published  a  few  years  later,  the  quotations  includiug 
those  paragraphs  which  relate  to  the  work  of  previous  authors. 
The  earliest  is  that  of  Macculloch,  in  1817,  in  which  a  homstone- 
porphyry  is  noticed  from  this  neighbourhood.  A  geological  map  of 
the  island  was  published  by  A.  Transon  *  in  1851,  in  which  the 
northern  half  of  Boulay  Bay  is  represented  as  being  occupied  by 
porphyries,  the  southern  by  grit,  while  the  line  of  demarcation 
between  the  latter  rock  and  the  more  easterly  conglomerate  is 
correctly  indicated.  'In  1879  the  *  spherular  character '  of  the 
rhyolites  of  Boulay  Bay  was  briefly  noticed  by  Mr.  Thomas  Davies, 
principally  from  specimens  supplied  to  him  by  Dr.  Dunlop,  of  Jersey.' 
M.  Noury,  in  his  work,  supplements  his  quotations  from  M.  de 
Lapparent  with  additional  observations  of  his  own  on  the  charac- 
teristics and  origin  of  the  structures  exhibited  by  the  rhyolite,  at 
the  same  time  giving  a  map  wherein  the  principal  locality  at  which 
pyromerides  occur  is  indicated.  Since  the  publication  of  Noury 's 
book,  a  few  notes  on  Jersey  have  been  intercalated  in  some  general 
observations  *  on  the  Channel  Islands  by  M.  A.  Bigot;  and  the  Kev. 
Edwin  Hill  has  aLso  referred  to  both  the  rhyolites  and  neighbouring 
conglomerates  in  his  account  of  the  geology  of  Alderney.' 

II.  Gbkbbal  Chabactbbistics  op  the  Eock. 

Almost  in  the  centre  of  the  Bay,  at  the  crags  marked  as  L'lslet, 
occurs  a  darkly-weathering  red  felstone,  typical  of  much  in  the 
vicinity.  Flow-structure  is  conspicuous,  the  surfaces  being  in 
general  straight,  though  occasionsily  wavy,  and  in  a  few  places 
showing  complicated  flow-contortions  on  a  small  scale.  Just  below 
high-water  mark,  the  fine  flow  gives  place  to  a  coarser  banded 
structure. 

>  Bull  Soc.  geol.  France,  eer.  3,  vol.  xii  (1884)  p.  284. 

'  Annales  des  Mines,  ser.  4,  toL  xx  (1851 )  p.  601. 

*  Min.  Mag.  vol.  iii  (1879)  p.  118. 

«  Bull.  Soc.  g6ol.  France,  ser.  3,  voL  xvi  (1888)  p.  412. 

'  Quart.  Jouru.  OeoL  800.  voL  xlv  (1889)  p.  380. 
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Vicart^PeJ^l  (which  may  be  considered  as  forming  the  western 

boundary  eff  ^oulay  Bay)  is  composed,  on  its  eoiithem  face,  of  rock 

essenti^ly.  similar  to  that  just  described  from  the  back  of  L'Islet. 

The  tag* of  the  cliff  consists  of  a  dark  drab  or  brownish-coloured 

felst^oMy'with  light  irregular  pinkish  veins  or  streaks,  and  containing 

porpt^tic  quartz-crystals.     La  Tete  des  Hougues,  which  is  the 

easternmost  point  of  the  Bay  at  which  the  igneous  rock  is  found, 

is" interesting,  not  only  from  the  presence  of  large  pyromerides  with 

•exceptionally  big  cavities,  but   for  the  varieties  of  the  rhyolite 

'".vjiich  it  shows.     One  of  these  is  a  red-brown  rock  characterized 

^[•riiacroscopically  by   a   quantity   of  porphyritic   felspars.      These, 

',  somewhat  altered,  are  orthoclase.     The  rock  contains  quartz-crystals 

'  rather  plentifully,  in  some  cases  irregular  in  shape.     It  is  also 

interesting  to  note  the  presence  of  a  few  very  bleached  mica-crystals. 

By  incident  light  a  section  appears  brick-red,  and  the  flow-structure, 

which  is  well  marked,  is  of  the  familiar  gnarled  or  wavy  type. 

On  the  beach  behind  Ulslet,  the  reddish  felstone  mentioned  above 
apparently  passes  into  a  pale  green  rock,  which  resembles  a  true 
fragmental,  owing  to  the  presence  of  very  numerous  '  inclusions,' 
generally  pinkish  in  colour ;  these,  owing  to  their  superior  hard- 
ness, weather  out  of  the  softer  rock  in  which  they  are  set. 

A  similar  rock  occurs  near  the  jetty,  a  few  hundred  yards  away, 
showing  practically  the  same  arrangement  of  *  matrix '  and  red  or 
purple  fragments.  These  may  be  of  large  size,  say  3x2  feet,  and 
weather  bo  as  to  form  ridges  in  their  softer  surroundings.  They 
are  occasionally  found  with  very  irregular  outlines  and  tongue- 
like ends,  suggestive  of  the  softening  and  drawing-out  so  often  seen 
in  fragments,  similar  in  nature  to  the  lava,  which  have  been  included 
in  the  flow. 

Moreover,  the  rock  contains  other  and  dark  green  patches  repre- 
senting those  portions  of  the  magma  itself,  which,  by  some  such 
reason  as  local  cooling  or  a  slightly  different  composition,  have 
become  indi\*idualized  from  their  surroundings.  Such  facts  point 
either  to  a  remarkable  case  of  differentiation  of  one  magma,  or, 
what  may  be  more  probable,  the  mixing  of  two  in  different  stages 
of  solidification. 

An  almost  identical  rock  occurs  immediately  south  of  the  jetty, 
and  may  be  briefly  noticed  now.  Macroscopically,  it  is  of  a  light 
green  colour,  showing  small  darker  patches  and  numerous  sub- 
angular  fragments  ;  while  microscopically,  as  might  be  anticipated, 
it  shows  a  great  resemblance  to  a  true  fragmental  rock.  The 
structure  in  thin  section  is  obscured,  and  its  interpretation  ren- 
dered more  difficult  by  the  presence  of  a  considerable  quantity 
of  a  pale  green  mineral,  almost  inert  with  one  nicol,  and  with  two 
giving  tints  of  about  the  middle  of  the  first  order.  The  slide 
contains  numerous  fragments  (say  •2x'15  inch  as  an  average 
size),  which,  although  not  differing  greatly  in  colour  and  appearance 
from  the  rock  in  which  they  lie,  are  distinguished  without  difficulty, 
more  especially  as  they  show  occasionally  an  attempt  at  a  flow- 
structure.  These  help  to  produce  the  resemblance  to  an  agglomerate  ; 
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examinatioa  of  the  rest  of  the  sL'de  brings  out,  however,  the  fact  that  \ 

it  is  traly  igaeoas.     The  red  fragtneats  differ  priucipally  in  a  ferric 
feroos  staining. 

The  pyromerides  which  form  the  subject  of  the  following  notes, 
and  are  so  characteristic  of  the  Boulay  Bay  rock,  occur  in  two 
principal  positions;  the  first,  and  certainly  the  best  for  general 
purposes  of  stndy,  is  that  indicated  in  Noury's  map  on  the  northern 
side  of  the  jetty  and  a  few  hundred  yards  from  it.  Here  in  places 
the  cliffd  are  practically  made  up  of  pyromerides,  clustered  thickly 
together,  and  producing  the  same  remarkable  effect  as  in  North 
Wales  and  elsewhere,  owing  to  the  fact  that  they  resist  weathering 
agencies  better  than  the  rest  of  the  rock. 

The  second  locality  is  just  above  high- water  mark  at  the  Tefce  des 
Hougues  farther  east,  an«l  almost  at  the  point  where  the  rhyoUto 
is  overlain  by  the  conglomerate  which  forms  the  north-eastern 
comer  of  the  island. 

It  may  be  well,  before  considering  the  pyromerides  themselves 
more  closely,  to  notice  the  relation  that  they  bear  to  the  rock  in 
which  they  lie  and  to  each  other.  A  series  of  specimens  from  the  cliff- 
top  on  the  northern  side  of  the  jetty,  where  the  pyromerides  are 
most  abundant,  seems  to  show  this  best,  thougrh  it  is  by  no  means 
intended  to  suggest  that  the  stages  represented  indicate  more  than 
ono  of  the  methods  by  which  these  nodules  have  been  produced. 

The  rock,  which  shows  traces  of  flow-structure  often  mark*5dly, 
is  traversed  in  places  by  bands  having  a  different  appearance  from 
that  of  the  rock  immediately  surrounding  them.  These  bands  are 
obviously  dne  to  a  difference  in  the  nature  of  the  material,  as  in  the 
common  case  of  a  banded  lava. 

A.  piece  of  one  of  these,  about  1|  inch  in  breadth,  was  detached 
from  the  softer  greenish-grey  rock  which  surrounded  it.  As  this 
was  taken  from  a  flat  surface,  one  surface  of  the  band  was  of  course 
also  flat ;  but  the  other  and  buried  side  was  roughly  cylindrical, 
so  that  a  transverse  section  would  give  an  approximately  semicircular 
outline.  Examining  the  flat  surface  more  closely,  it  is  seen  that  its 
edges  are  not  quite  straight  lines,  but  become  slightly  indented  in 
places,  thus  forming  a  series  of  flat  arcs.  There  are  developed  also 
small  knobs  or  lumps,  which  give  a  mammillated  appearance  to  the 
cylindrical  surface. 

In  a  thin  section,  the  structure  of  this  flow-band  is  identical  with 
that  of  the  pyromerides  to  be  described  later.  In  transmitted  light 
it  is  rather  structureless,  of  a  light  brown  colour,  with  innumerable 
black  mioroliths^  having  no  relation  to  the  faint  radial  growth 
which  is  just  visible,  although  they  have  a  decided  parallel  tendency 
among  themselves.  Between  the  two  nicols,  the  section  resolves 
itself  into  a  mosaic  of  separately  polarizing,  but  extremely  irregular 
areas,  the  size  of  which  varies  considerably  in  different  parts  of  the 
slide.     The  radial  structure  is,  so  far  as  can  be  seen,  normal  to  the 

*  See  QuMt.  Journ.  Cbol.  Soc.  vol.  xlv  (1889)  p.  258. 
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Bides,  and  when  at  one  point  the  irregular  maramillated  edge  of  the 
nodular  band  has  given  rise  to  an  indentation  which  is  indnded 
in  the  section,  the  radial  stmctnre  is  seen  to  keep  normal  to  it 
also.  There  results,  ol  coarse,  a  line  analogous  to  that  formed  by 
the  ingrowing  microliths  in  the  devitrified  glass  described  by 
Prof.  Bonney  ^ ;  and  it  seems  fairly  obyious  that  such  a  surface  of 
discontinuity  must  have  represented  a  factor  of  importance  in 
determining  the  position  of  rapture  under  the  strains  to  which  the 
rock  has  been  subjected. 

In  the  second  specimen  of  the  series,  the  constrictions  or  inden- 
tations which  were  but  slightly  developed  in  the  first  become  more 
marked,  giving  a  corrugated  appearance,  with  a  very  fairly  circular 
section,  to  the  band.  It  may,  in  fact,  be  described  as  a  series  of 
spheres,  each  of  which  has  been  ground  down  in  two  parallel 
planes  and  the  ground  edge  of  one  applied  to  the  ground  edge  of 
another.  The  band  itself  is  dark  purple,  and  harder  than  the 
surrounding  rock,  breaking  with  a  clean  fracture ;  it  is,  in  a  word, 
identical  with  the  felstone  forming  the  pyromerides. 

A  third  specimen  essentially  resembles  the  last,  but  ^ows  a 
mammillated  appearance  which  is  rather  characteristic,  the  nodules 
appearing  as  though  covered  with  imperfectly  differentiated  buds, 
while  the  larger  lumps,  from  which  those  have  as  it  were  sprung, 
may  be  seen  clearly  outlined,  though  not  clearly  differentiated  the  one 
from  the  other.  A  thin  section  of  this  specimen  has  been  prepared, 
but  it  presents  no  points  of  especial  interest.  The  slide,  as  seen  by 
the  unaided  eye,  resembles  two  mutually-interfering  pyromerides, 
and  the  microscope  shows  no  points  of  difference  therefrom,  either 
with  ordinary  or  with  polarized  light  (PI.  VIII,  fig.  1).  Each 
pyromeride  contains  at  its  centre  a  roughly  circular  patch,  rather 
darker  and  with  a  more  confused  type  of  depolarization  than  that 
shown  by  the  surrounding  matter.  Occasionally  tlie  constituents 
of  these  patches  are  arranged  so  as  to  leave  irregular  and  clearer 
areas,  which  polarize  uniformly,  in  an  opaque  setting  which  is  much 
more  inert  between  crossed  nicols.  This  structure  is  by  no  means 
uncommon  in  pyromerides,  though  varjring  much  in  the  extent  to 
which  it  is  developed.  In  relation  with  the  two  constituent 
pyromerides  are  two  crescentic  areaa  of  quartz,  10  times  as  long  as 
broad,  very  nearly  concentric  with  the  respective  edges,  and  in  both 
cases  at  the  same  distance  from  them.  The  curvature  of  the  two 
arcs  is,  of  course,  not  identical,  since  the  diameters  of  the  component 
pyromerides  are  not  the  same. 

Continuing  the  series,  it  is  seen  that  the  next  step  to  this  is  an 
irregularly  oval  pyromeride  with  a  suggestion  of  tapering  at  the 
ends,  and  irregularly  mammillated.  Stages  can  be  found  easily 
enough  in  these  clifOs,  in  which  one  egg-shaped  pyromeride  has 
been  apparently  constricted  off  from  its  neighbours :  they  themselves 
being  perhaps  not  so  clearly  defined,  but  occurring  in  a  little  group  of 
three  or  four  mutually-interfering  individuals.      It  is  interesting 

*  Quart.  Joum.  Geol.  Soo.  vol.  xli  (1885)  Proc.  p.  92,  al»o  Herman  k  BuUey, 
Proo.  Boy.  Soc.  voL  xxxix  (1885)  pL  i,  fig.  1,  pi  iii,  fig.  5  &  p.  90. 
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also  to  obeerye  that  the  pyromerides  occur  frequently  in  seaips,  and 
that  in  adjacent  bands  in  the  rock  there  may  be  developed  little 
rounded  knobs  or  lumps,  even  though  the  band  iteelf  has  not  been 
converted  into  pyromerides,  as  one  must  believe  to  have  happened  in 
the  instances  which  have  been  just  described. 

As  a  type  of  the  nodules  which  bear  no  quartz-mass  in  their 
interior  (the  '  globules  normaux '  of  Belesse)  the  following  instance 
may  be  taken.  The  length  slightly  exceeds  1  j  inch,  the  breadUi 
1^  inch,  so  that,  as  is  very  often  the  case,  the  pyromeride  is  oval  ^ 
and  not  circular  in  longitudinal  section.  The  external  surface  has 
inequalities  and  mammillations ;  and,  when  fractured,  there  is  no 
trace  of  a  radial  structure,  a  condition  which,  though  very  usual,  is 
not  invariable.  The  surface  is  of  a  reddish-brown,  rather  chocolate 
colour,  with  the  exception  of  an  irregular  area,  rather  lighter,  sug- 
gestive of  the  streaky  or  banded  rock  of  the  immediate  vicinity. 

In  a  thin  section,  as  might  be  expected,  the  pyromeride  is  rather 
opaque.  Over  the  greater  part,  a  process  perhaps  best  described  as 
a  '  settling-down,'  seems  to  have  taken  place,  so  as  to  produce  an 
irregular  sorting-out  of  the  various  constituents,  an  arrangement 
more  marked  in  some  parts  of  the  slide  than  in  others.  Indepen- 
dently of  this,  there  is  a  very  slight  radial  structure.  A  ferruginous 
constituent  in  a  finely-divided  state  is  present  in  the  slide  in  some 
quantity,  and  this  in  places,  having  been  largely  excluded  by  the 
segregatory  process,  forms  a  black  meshwork  which  is  brick-red  by 
reflected  light.  The  part  mentioned  as  being  lighter  macroscop- 
ically  is  strikingly  marked  off  in  thin  section  from  the  rest.  It  is 
quite  dear,  shows  finely  fibrous  radial  structure  between  the  two 
nicols,  and  contains  a  few  quartz-grains. 

An  equally  common  type  is  purple  rather  than  red,  and  shows  a 
more  uniform  structure  in  a  thin  section  :  the  radial  growth,  always 
faint,  being  perhaps  slightly  more  pronounced  towards  the  exterior. 
The  type  of  depolarization  is  decidedly  characteristic.'''  It  is 
distinguished  by  the  patchy  mosaic  into  which  the  field  is 
resolvable :  each  constituent  area,  though  often  extremely  irregular, 
polarizing  separately.  Occasionally  a  cryptocrystalline  ground- 
mass  is  interposed,  in  various  degrees,  between  the  areas  of 
depolarization,  resembling  the  structure  of  a  rock  from  the 
Fishguard  district  described  by  Mr.  Cowper  Reed.'  Frequently, 
clear  and  uniformly  polarizing  patches  are  seen  in  a  more  opaque 
fibrous  setting,  which  shows  dull  golden  yellow  when  the  fibres  are 
inclined  at  an  angle  of  45°  to  the  vibration-planes  of  the  crossed 
nicola.  Typically,  however,  no  indication  of  the  presence  of  a 
mosaic  can  be  seen  in  ordinary  light ;  and,  when  developed  best,  the 

*  The  foregoing  remarks  are  not  intended  to  suggest  that  pressure  may  not 
be  responsible  for  the  oval  form  of  many  nodules.  See  Quart.  Journ.  G^l. 
6oc.  Tol.  xxxviii  (1882)  p.  289. 

^  See  Quart  Joum.  €^1.  Soc.  vol.  li  (1895)  p.  149 ;  also  many  other 
references  contained  in  Mr.  Beed*8  paper. 

'  It  is  also  seen  occasionally  in  tberhyolite  itself,  as,  for  example,  near  Bonne 
KaitBay. 
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definite  dovetailing  edges  allow  of  no  blurred  appearance  as  the 
stage  is  rotated.  Accordingly  several  structures  can  be  seen 
normally  in  these  nodules,  formed  probably  in  the  following  order : — 
(i)  A  flow-structure  marked  by  'black  microliths,  (ii)  a  radial 
structure,  and  (iii)  the  patchy  structure  seen  only  between  crossed 
nicols. 

In  many  oases  part  of  the  original  surrounding  matrix  is  found 
still  adherent,  after  the  pyromeride  has  been  detached.  This 
frequently  is  much  less  opaque  in  a  thin  section  than  the  nodule 
itself.  It  contains  no  microliths,  but  hsjs  much  of  a  secondary 
green  mineral  developed,  which,  in  addition  to  being  spread 
irregularly  in  patches,  also  defines  lines  and  curves  more  or  less 
concentric  with  each  other ;  these  seem  certainly  to  be  perlitic 
cracks.     Now,  as  a  rule  the  rock  is  microcrystalline. 

It  is  common  to  find  very  small  spherulites,  which  have  sprung 
from  the  surface  of  the  nodule,  forming  growths  which  resemble  a 
mushroom  without  its  stalk.  Apparently  the  surface  of  the  nodule 
has  been  one  of  discontinuity  and  has  favoured  these  growths,  as  in 
tho  partially-fused  sheets  of  glass  described  by  Prof.  Bonney.^ 

A  further  characteristic  of  structural  importance  remains  to  be 
considered  in  the  frequent  presence  of  a  crescent  of  quartz,  visible 
usually  towards  the  edge  of  the  nodule  when  it  is  broken  open. 
For  the  sake  of  simplicity,  it  may  be  well  to  take  a  definite  case 
from  such  an  example  as  that  just  described. 

The  pyromeride  measures  2x1^  inches;  the  quartz  crescent, 
about  ^  inch  from  the  top,  l^x*075  inch.  It  tapers  slightly 
at  either  end,  and  has  a  zoned  appearance  suggestive  of  infil- 
tration. At  about  ^  inch  from  one  extremity  the  crescent  turns 
upward  *  towards  the  edge  of  the  nodule ;  at  the  other,  it 
follows  with  some  exactness  a  change  in  the  curvature  of  the 
periphery,  and  at  this  point  has  internally  to  it  other  less  well- 
developed  crescents  of  quartz.  At  the  other  end  also  it  can  be 
seen  in  a  thin  section  to  bend  slightly  upward,  although  not  so 
markedly  as  at  the  first.  These  are  analogous  to  the  '  points  de 
rebroussement,*^  described  by  Delesse. 

In  a  section  taken  at  right  angles  to  the  longer  axis,  the  crescent 
is  seen  to  be  continued  for  ^  inch,  and  here  also,  near  the  point 
where  it  dies  out,  its  concave  and  not  its  convex  side  is  turned 
outward.  The  general  appearance  suggests  that  the  contraction 
of  the  nodule  has  resulted  in  a  crack,  and  it  may  be  well  to  see 
what  evidence  there  is  for  this  in  other  cases. 

One  instance  of  these  quartz-filled  arcs  has  been  given  already  in 
discussing  the  microscopic  appearance  of  the  band-like  aggregation 
of  pyromerides  in  an  earlier  part.  Some  points  then  mentioned, 
such  as  each  crescent  having  the  same  thickness  of  external  wall, 
although   the  diameters  of  the  component  nodules  are  different, 

1  Quart.  Journ.  Geol.  Soc.  vol.  xU  (1885)  Proc.  p.  91. 
^  The  change  of  direction  at  this  point  is  about  150°. 
3  M6m.  Soc.  g6ol.  France,  ser.  2,  vol.  iv  (1852)  pt.  ii,  p.  314. 
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contrasted  with  a  practical  identity  in  change  of  curvature  of  each 
crescent  in  correspondence  with  that  of  the  edge  of  the  specimen,^ 
seem  significant  as  to  their  origin.  Some  other  instances  are  not 
less  interesting.  Occasionally  one  finds  a  nodule  in  which  an 
outermost  layer  is  easily  separahle  from  the  rest,  peeling  away  in 
fiakes  80  as  to  leave  a  fresh  and  fairly  smooth  surface.  Sometimes 
this  tendency  is  pronounced,  as  in  the  following  : — 

Internally  to  the  outer  coat  or  layer  (|  inch  thick)  and 
about  ^  inch  nearer  the  centre,  the  pyromeride  being  roughly  21 
inches  in  diameter,  a  distinct  line  about  j^  inch  across,  extending 
at  least  halfway  round  the  nodule,  is  clearly  visible.  Not  only  so, 
but  about  •45  inch  nearer  the  centre  is  another,  not  quite  so  regular 
as  the  last,  but  still  plainly  to  be  seen.  At  one  place  immediately 
on  the  outer  side  of  the  second  crack,  there  is  a  concentric  combined 
with  an  approach  to  a  radial  structure,  but  the  nodule  does  not 
differ  materially  from  those  previously  described.  Microscopically 
these  cracks  are  not  so  conspicuous  as  might  have  been  supposed, 
for,  instead  of  forming  a  continuous  and  evenly-bounded  curve,  the 
appearance  is  only  one  of  incipient  rupture,  apparently  consisting  of 
a  series  of  small  sinuous  cracks.  Sometimes  the  formation  of  the 
spherical  surface  has  resulted  in  the  separation  of  two  otherwise 
closely-united  pyromerides,  which  lie  to  one  another  in  the  relation 
of  cup  and  ball,  inequalities  of  the  one  being  reproduced  in  the 
other ;  the  '  ball  'in  fact  consists  of  two  undifferentiated  pyromerides, 
an  arrangement  plainly  shown  also  in  the  concave  cup,  which, 
besides  reflecting  minor  inequalities,  consists  in  the  same  way 
of  two  spherical  surfaces.  The  above  instances  are  from  pyrome- 
rides obtained  from  the  cliff  on  the  northern  side  of  the  jetty.  A 
similar  structure  from  the  Tete  des  Kougues  deserves  a  few  words. 

This,  or  as  much  of  it  as  can  be  seen,  consists  of  a  large  pyro- 
meride imperfectly  marked  off  from  the  surrounding  rock.  At 
what  would  be  the  centre,  if  the  whole  were  visible,  is  a  mass 
of  quartz  surrounded  by  reddish  f  el  stone,  suggesting,  more  than 
absolutely  showing,  a  concentric  structure.  This  is  followed 
by  a  large  circular  crack,  nearly  ^  inch  across,  which  after 
subtending  an  angle  of  45°,  suddenly  changes  its  direction  so  as  to 
represent  roughly  the  figure  3.  Externally  to  this  again  is  appa- 
rently the  outer  zone  of  the  pyromeride,  which  in  turn  is  surrounded 
by  the  body  of  the  rock.  This  structure,  due  no  doubt  to  the 
results  of  unequal  cooling,  is  precisely  the  same  as  that  described 
by  Prof.  Bonney  from  North  Wales.'*    (See  fig.  1,  p.  108.) 

Before  going  further,  it  may  be  well  to  see  whether  any  evidence 
of  a  confirmatory  character  can  be  found. 

In  the  harbour  itself,  below  the  road  leading  to  the  jetty,  there 
are  hard,  greenish,  greyish,  and  drab-coloured  felstones,  which  in 

*  In  this  elide,  in  addition  to  the  two  crescents,  there  are  at  least  twenty 
breociation-Teins  of  different  a^es.  Despite  these  manifold  opportunities, 
decomposition  has  failed  to  produce  any  effect ;  but  see  G.  A.  J.  Cole,  Quart. 
Joum.  Geol.  Soc.  rol.  xlii  (1886)  p.  183. 

'  Quart.  Joum.  Geol.  Soc.  vol.  xxxriii  (1882)  p.  295. 
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themselves  present  no  great  peculiarity.  Overlying  these  comes  a 
spherulitic  rock,  identical  with,  or  at  aU  events  closely  resembling, 
that  recently  analysed  by  Mr.  Hyndman.'  Slightly  farther  up 
these  spherulites  (or  pyromerides)  become  larger,  the  size  of  a  small 
cherry,  often  showing  concentric  and  radial  structure  in  a  greater 
or  lesser  degree.  There  is  often  a  orescent-shaped  mass  of  quartz 
present,  although  solid  specimens  without  conspicuous  radial  struc- 
ture are  not  uncommon.  The  rock  in  which  they  are  set  is  softer 
than  they  themselves  are,  and  pale  green  in  oolour. 

Fig.  1. — Duu/ram  (see  explanation  below). 


a  =  central  quartz-mass. 

b  =  crack  nearly  i  inch  broad. 


c  =  ill-deTeloped  pyromeride,  passing  into 
d  —  mass  of  rock. 


A  few  yards  farther  on  the  rock  becomes  of  a  streaky  nature  ; 
that  is,  a  rock  which,  although  plainly  showing  flow-structure,  has 
yet  the  flow-bands  with  irregular  boundaries  on  the  fractured  face, 
and  these,  instead  of  remaining  strictly  parallel,  often  join  and  mingle 
with  each  other :  in  other  words,  a  rock  part  of  which  has  not 
been  particularly  fluid. 

The  bands  and  pyromerides  are  formed  partly  of  a  purplish  material, 
partly  of  a  material  similar  except  for  the  absence  of  ferrite,  and  con- 
sequently of  colour ;  while  the  rest  of  the  rock  is  of  a  yellowish-brown 
tint  inclining  to  green,  the  diflerence  in  colour  causing  the  relations  of 
the  two  principal  constituents  to  be  conspicuous.  The  tendency  to 
segregation  into  spherical  forms,  which  the  more  ferruginous  matter 
shows,  studs  the  rock  with  pyromerides  seemingly  in  all  stages  of  per- 
fection, an  effect  partly  due  to  the  absence  of  the  ferrite  just 
mentioned  in  much  of  the  pyromeride-forming  matter,  the  whole  of 
this  not  being  at  once  obvious.  With  these  pyromerides  are  found 
many  gas-vesicles.  These  '  spheres '  occur  in  patches  often 
suggestive  of  a  sort  of  flow-brecciation ;  an  irregular  but  band- 
shaped  patch  where  '  spheres '  are  abundant,  may  be  succeeded  by  a 


Geol.  Mag.  1896,  p.  365. 
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band  of  rock  with  flow-structare  but  no  *  spheres.*  Taken  over 
the  whole  area  (which  is  not  large,  forming  but  a  few  crag.<)  on 
the  beach),  the  general  direction  of  flow  is  maintained ;  yet,  taken 
in  detail,  the  appearance  is  much  less  distinct,  and  in  many  places 
the  Tarions  constituents  have  a  very  clotted  look. 

The  structures  in  a  thin  section  of  this  rock,  showing  well-marked 
purplish  pyromerides  set  in  a  yellowish-green  'matrix/  are  as 
follows : — ^This  *  matrix,'  although  slightly  obscured  by  the  pre- 
sence of  secondary  decomposition-products,  is  still  quite  clear 
enough  to  sho\e  that  this  part  of  the  rock  (now  microcrystalline) 
exhibits  perlitic  (ttructure  on  a  fine  scale,  the  cracks,  as  in  other 
cas^,  being  outlined  by  a  green  mineraL 

In  comparison  with  this  '  matrix '  the  pyromerides  are  almost 
opaque.  They  have  a  wavy,  almost  scalloped  boundary,  and  there 
seems  to  be  at  least  a  suggestion  that  the  shape  of  the  edge  of 
a  pyromeride  has  determined  the  shape  and  proximity  of  the  neigh- 
bouring perlitic  fissures.  The  pyromerides  themselves  show  indica- 
tions of  radial  structure  such  as  have  been  mentioned  before, 
together  with  the  formation  of  more  opaque  patches,  which,  while 
preserving  a  general  radial  direction,  constitute  a  kind  of  irregular 
meshwork  more  extensively  developed  in  some  places  than  in  others. 

Often  the  periphery  of  the  spheroids  is  even  and  comparatively 
Tegular,  but  often  too  there  is  an  irregular  and  clotted  appearance, 
with  edges  drawn  out  into  short  and  blunt  tongues  (PL  VII,  fig.  2) ; 
these,  practically  destitute  of  any  attempt  at  radial  growth,  succeed 
to  a  more  central  part,  which,  although  structurally  a  pyromeride, 
obviously  forms  part  of  the  same  mass. 

This  suggests  the  presence  of  material  identical  with  that  forming 
the  pyromerides,  but  unable,  owing  to  local  conditions,  to  adapt 
itself  to  their  characteristic  mode  of  growth.  It  is  interesting 
therefore  to  note  that  there  are  frequently  present  in  the  rock 
irregular  patches  of  the  same  purplish  constituent,  which,  although 
found  quite  locally,  may  under  these  circumstances  take  on  the 
functions  of  the  '  matrix/ 

In  a  thin  section,  as  in  the  hand-specimen,  this  less  specialized 
material  is  at  once  distinguishable  from  the  adjoining  true  matrix  : 
the  latter,  as  before  mentioned,  being  finely  microcrystalline,  and 
containing  some  quantity  of  a  greenish  filmy  mineral. 

On  the  other  hand,  the  material  in  which  the  pyromerides  are 
partly  embedded  is  slightly  more  opaque,  more  ferriferous,  and, 
between  crossed  nicols,  the  regular  mosaic  of  grains  shown  by  the 
'  matrix '  proper  is  replaced  by  a  more  irregular  patchy  type  of 
depolarization,  the  boundaries  of  the  constituent  areas  into  which 
it  breaks  up  being  ill  defined.  In  addition,  within  the  limits 
of  this  material  itseLT  there  are  distinct  evidences  of  flow.  Although 
the  enclosed  pyromerides  are  clearly  distinguishable,  yet  it  is 
erident  that  Uie  charact'Crs  of  the  differentiated  and  undifieren- 
tiated  materials  are  nearly  alike,  and  the  intimate  relation  which 
exists  between  them  points  inevitably  to  the  conclusion  that  they 
are  indeed  the  same. 
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It  seems  then  fairly  evident  that,  taking  this  rock  as  a  whole, 
two  materials  were  present  in  the  magma.  One,  the  more  fluid,  has 
solidified   as   a  glass,   now   represented    by  the    yellowish-green 

*  matrix ;'  the  other,  which  was  in  a  sticky  state,  has  been  drawn  out 
into  irregular  flow-bands,  or  left  as  lumps  and  clots.  That  it  was 
occasionally  melted  is  shown  by  the  fact  that  flow-lines  may 
in  places  be  seen  traversing  uninterruptedly  both  pyromeride  and 

*  matrix.'  On  the  cessation  of  movement  in  the  lava,  and  as  the 
temperature  fell,  the  radial  structure  of  the  pyromeride  would  be 
set  up  when  this  was  possible.  In  one  case  the  outer  part  of  one 
of  the  purplish  masses  has  distinctly  more  of  the  structure  of  a 
pyromeride,  in  a  well-defined  zone,  than  the  more  central,  which  has 
indications  of  flow. 

Nevertheless,  definite  spheroidal  forms  do  occur,  which  have 
strongly-marked  characteristics  of  their  own,  resembling,  in  these 
and  in  general  relations  those  recorded  above,  which  appear  to  have 
originated  each  at  a  separate  point,  like  true  spherulitic  individuals, 
from  a  magma  homogeneous  at  the  initial  stage  of  their  formation. 
Such  a  rock  as  that  described  and  analysed  by  Prof.  Bonney  and 
Mr.  Hyndman  forms  an  example. 

Among  those  rocks  which  show  evidence  of  flow,  the  relation  of 
which  to  the  pyromerides  has  just  been  discussed,  occur  patches 
about  the  size  of  one's  hand,  in  which  a  network  of  polygonal  cracks 
is  conspicuous.  These,  often  irregular,  are  frequently  developed 
round  darker  and  roughly  circular  spots  showing  the  structure  of 
pyromerides ;  the  feeble  radial  structure  is  not,  however,  confined  to 
this  more  central  and  definite  part,  but  is  continued  throughout  the 
space  which  any  one  set  of  the  cracks  encloses. 

Crescents  of  quartz  are  found  occasionally  towards  the  outer  edge 
of  the  darker  centre.*  In  general,  there  is  a  decided  resemblance  to 
the  spherulitic  felsite  figured  by  Prof.  Bonney  from  Arran. 


III.  Comparison  with  other  Districts. 

Structures  similar  to  many  of  those  from  Boulay  Bay  which  have 
been  described  above  have  been  recorded  in  a  very  valuable  work 
by  M.  Delesse  so  far  back  as  1852. 

The  following  remarks  will  scarcely  bear  condensation.  In 
describing  some  spheroids  (from  Siberia),  after  remarking  that  they 
are  ususdly  irregular,  he  says : — *  Tantot  ils  sent  completement 
isoles ;  tantot  ils  sent  accoles  k  des  bandes  jasp^  qui  leur  servent 
de  parois,  et  il  semble  meme  que  le  globule  resulte  de  la  reunion  en 
spheres  de  ces  bandes  jaspees.*  *  Apart  from  external  form,  Delesse 
also  clearly  understood  that  contraction  during  cooling  had  had 
much  to  do  with  the  structure  of  pyromerides ' ;  distinguishing  be- 
tween '  des  cavites  petitee  et  assez  regulieres '  produced  by  such  an 

'  'Pitchstones  &  Felsites  in  Arran/  Geol.  Mag.  1877,  p.  499. 
*  M6m.  See.  g6ol.  France,  ser.  2,  vol.  iv  (1852)  pt  ii,  p.  31G. 
»  Ibid,  p.  336. 
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agent,  and  the  very  large  and  irregular  cavities  which  characterize 
bis  division  of  *  globules  anormaux/ 

The  description  and  illustrations  which  M.  Michel-Levy  ^  gives 
of  the  rock  from  Gargalong,  near  Frejus,  show  that  it  bears  a  great 
resemblance  to  that  from  Boulay  Bay,  both  in  the  characters  of  the 
pyromerides  and  of  the  '  matrix.' 

Miss  Raisin  has  referred  to  rings  of  quartz — often  incomplete, 
and  possibly  due  to  contraction — from  Careg-y-defaid.*  In  the  same 
paper  also  (pp.  204-267)  flow-brecciation  is  recorded  as  one  of  the 
causes  to  which  formation  of  pyromerides  is  due ;  and  I  have  made 
a  similar  suggestion  in  describing  some  acid  lavas  from  Pem- 
brokeshire. 

The  resemblances  existing  in  many  respects  between  the  spheroids 
of  the  Jersey  rocks  and  those  of  the  Yellowstone  district  naturally 
suggest  a  common  origin,  or  at  all  events  that  similar  factors  may 
have  been  operative  in  theii*  production.  The  clotting  in  the  magma 
which,  in  some  instances,  seems  to  have  been  the  cause  of  the  for- 
mation of  nodules  in  Boulay  Bay,  forcibly  suggests  itself  in  the 
case  of  some  of  the  Yellowstone  rocks.  Through  the  kindness  of 
Prof.  Bonney  I  have  had  the  advantage  of  examining  some  specimens 
from  the  last-named  district,  in  which  the  resemblances  to  Boulay 
Bay  rocks  were  very  strong.  However,  in  the  thin  sections 
examined  there  was  no  evidence,  such  as  that  brought  forward 
above,  to  suggest  that  the  spherulites  represent  in  any  way  an 
element  foreign  to  their  more  immediate  surroundings. 

In  Prof.  Iddings's  report  on  the  rocks  of  Obsidian  Cliff,'  chemical 
analyses  are  given  to  show  that  the  spherulite  is  '  nothing  more 
than  a  small  portion  of  the  magma  which  has  cr3'stallized  with  a 
particular  structure.' 

Hence,  and  the  study  of  the  literature  of  the  Yellowstone  brings 
out  the  point  strongly,*  the  difference  which  exists  between  these 
growths  and  their  'matrix'  is  due  to  a  particular  crystalline 
structure ;  in  many  of  the  Boulay  Bay,  and,  so  far  as  I  know  them, 
in  many  of  the  North  Wales  and  Wrockwardine  nodules,  this 
particular  cryst^line  structure  is  of  secondary  import.  Indeed, 
Id  many  cases,  it  is  not  only  entirely  absent,  but  superseded  by  a 
kind  of  fiuidal  structure,  which  renders  the  formation  of  any  radial 
growth  highly  improbable.*  In  the  case  of  the  Wrockwardine 
specimens  the  uninterrupted  continuance  (in  many  instances)  of 
fluxion-lines  from  matrix  to  pyromeride,  and  a  certain  haziness  at 

^  Bull  See  g^ol.  France,  eer.  3,  vol.  iii  (1875)  pp.  224-235,  and  Fouqa6  & 
Michel-L^vy,  '  Min.  Micr/  pi.  xt,  fig.  2. 

*  •  Nodular  Febtones  of  the  Lleyn,'  Quart.  Joum.  GeoL  Soc.  vol.  xlv  (1889) 
p.  256. 

^  Seventh  Ann.  Report  U.S.  Geol.  Surv.  (1888)  p.  283. 

*  Ibid.,  and  Iddings  on  *  Spherulitic  OrystaUiaation,*  Bull.  Phil.  Soc,  Waah- 
ineton,  toI.  xi  (1891)  p.  445. 

*  Of  such  a  type  as  that  figured  by  Prof.  Bonney  from  near  the  Conway  Falls, 
Quart.  Joum.  GeoL  Soc.  toI.  xxxviii  (1882)  pi.  x,  fig.  4.  Some  nodules  from 
the  Lledr  Yalley  show  a  similar  structure.  One  of  these  is  interesting,  from  the 
fact  that  it  contains  a  few  ill-gbapen  pink  garnets  altering  to  chlorite. 
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the  boundaries  of  the  latter,  do  not  indicate  the  presence  of  two 
materials  of  different  oonstitation,  but  rather  the  differentiation 
of  one. 

The  following  figures  are  diagrams  from  Conway  Mountain  which 
recall  the  characteristics  of  the  Bonlay  Bay  rocks. 

In  fig.  2  the  relation  to  flow-structure  is  evident  enough.     In 
fig.  3  the  weathered  surface  of  the 
matrix  is  rough  to  the  touch  and  Fig.  2. 

eye ;  the  surface  of  the  nodules, 
on  the  other  hand,  is  smooth  ; 
they  appear  more  flinty  and  more 
compact.  In  a  few  cases  the 
pjTomerides  were  distinctly  mam- 
millated.  Thin  sections  of  both 
matrix  and  pyromeride  have  been 
cut ;  the  differences  are  sufficiently 
interesting  to  merit  a  short  de- 
scription. 

The  matrix  is  characterized  by  ^  tuX.  mw. 

minute  circular  clear  spaces,  out- 
lined by  flakes  and  fibres  of  a  greenish  chloritic  mineral.    Between 
crossed  nicols  these  are  seen  to  be  spherulitic,  with  the  charac- 
teristic black  cross ;  the  greenish  mineral  is  very  inert.     Exami- 
nation of  the  slide  with  a  lens  shows  what  the  microscope  does  not 

Fig.  3. 


^^ 


I  nat.  size. 

[Figs.  2  &  3  represent  pyroinerides  from  Oonway  MouDtain, 

affeoted  in  form  by  fluxional  moTement.] 

80  easily  reveal,  namely,  that  the  rock  is  perlitic,  the  cracks  showing 
as  clear  lines  and  curves ;  devitrification  has  largely  hidden  this 
structure. 

The  pyromeride,  which  was  a  large  one,  some  5  or  6  inches  in 
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diameter,  and,  so  far  as  the  eye  can  see,  quite  identioal  with  others 
from  the  more  immediate  neighbourhood,  is  of  a  totally  different  type. 
In  a  thin  section  the  suggestion  of  a  network  which  characterized  the 
matrix  is  replaced  by  a  mnch  more  uniform  appearance,  owing  to 
the  great  development  of  indefinite  films  and  specks  rendering  the 
slide  rather  opaque — in  large  part  due,  perhaps,  to  the  presence  of 
a  chloritic  minend.  There  are  some  shadowy  felspar-microliths  and 
no  trace  of  a  radial  structure.  Between  crossed  nicols  the  field 
breaks  up  into  large  irregular  areas,  each  polarizing  separately.  In 
fact  it  closely  resembles  the  patchy  type  of  the  Boulay  Bay  rocks 
before  described. 

SUdes  have  also  been  prepared  of  an  egg-shaped  nodule  and  the 
adjacent  matrix  from  Digoed,  on  the  road  from  Bettws-y-ooed  to 
Penmachno.  In  the  hand-specimen  the  '  matrix ''  appears  slightly 
bluer  than  does  the  nodule ;  minute  specks  of  a  greenish  mineral 
are  present  which,  in  a  thin  section,  are  arranged  in  a  manner  sug- 
gestive, but  not  strikingly  so,  of  flow.  As  in  the  former  instance,  the 
rock  is  perlitic,  but  the  cracks  are  not  outlined  by  a  chloritic  mineral,. 

Fig.  4. — Diof/ram  showinp  the  relitvm  of  a  nodule  to  Jlow-hrficciation. 
(From  the  Wrockwardine  districts) 


[The  dotted  portion  represents  silioeoon  infiltratioB. 
Length  of  part  figured  «  about  -75  indb.] 

as  is  so  frequently  the  case.  Tlie  nodule,  on  the  other  hand,  shows 
wavy  and  contorted  flow-lines  resembling  the  specimen  figured  by 
Prof.  Bonney  *  from  near  the  Conway  Falls  Inn. 

The  chocolate-brown  rocks  of  the  Wrockwardine  district  resemble 
Btrildngly  some  of  those  from  Boulay  Bay,  and  the  likeness  between 
the  nodides  of  the  two  localities  is  equally  strong  in  thin  sections. 

'  Quart.  Joum  OeoL  Soe.  foL  zsmii  (IW^  pL  s,  fif.  4. 
aJ.G.8.  No.  213.  .    I 
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The  same  brick-red  colour  is  manifest  by  incident  light,  the  radial 
structure  present  in  both  has  the  same  characteristics,  the  black 
microliths  found  in  the  one  are  seen  in  the  other,  the  types  of  de- 
polarization have  many  points  in  common.  It  is  then  interesting 
to  find  that  here,  as  in  those  cases  from  Bonlay  Bay  where  the 
pyromerides  are  sufficiently  small  to  enable  their  relations  to  the 
surrounding  matter  to  be  certainly  made  out,  the  evidences  of  flow 
as  a  factor  of  importance,  which  were  described  in  the  Jersey  rocks, 
are,  as  the  diagram  on  the  preceding  page  will  show,  also  to  be 
found  in  connexion  with  the  nodules  from  Shropshire.    (See  ^g,  4.) 

The  tongue-like  ends  which  form  part  of  the  nodule  and  the 
identity  of  its  material  with  that  of  the  flow-bands,  the  only  dif- 
ference being  a  certain  amount  of  radial  structure  in  the  former, 
appear  significant.  Also  the  concentric  structure,  which  is  but  feebly 
developed  here  and  there,  seems  to  show  that  it,  like  the  radial 
growtih,  was  developed  after  the  present  form  was  assumed,  rather 
as  a  structure  of  secondary  importance. 

From  the  preceding  remarks  it  is  apparent  that  many  pyromerides 
bear  a  relation  to  the  enveloping  rock  similar  to  that  which  charac- 
terizes those  fragments  of  a  lava-flow  which  have  resulted  from 
flow-brecciation.  They  have  distinguishing  petrographical  cha- 
racters of  their  own,  not  identical  with,  often  differing  markedly 
from,  the  surrounding  materials;  they  are  connected  with  flow- 
movement  in  the  rock  by  gradation  into  such  bands  as  are  charac- 
teristic of  many  lavas,  and  show  occasionally  contours  which  clearly 
indicate  that  part  of  the  differentiated  material  was  unable  to 
accommodate  itself  to  the  strictly  spheroidal  form  of  the  more 
perfect  pyromerides. 

Turning  from  the  form  of  the  nodules  to  less  evident  structural 
peculiarities,  it  has  been  seen  that  the  radial  structure  is  always 
feebly  developed,  and  that,  in  those  cases  ^  where  a  conspicuous  in- 
dentation of  the  edge  occurs,  the  direction  of  growth  is  normal  to  it. 
That  such  an  appearance  may  be  produced  as  a  secondary  structure 
in  a  fragment  the  contours  of  which  are  by  no  means  spherical 
will  be  apparent  from  the  following  case.  The  rock  from  which  the 
slide  was  prepared  forms  the  lower  part  of  the  crags  abutting  on 
the  more  southerly  side  of  the  jetty  at  Boulay  Bay.  It  is  of  the 
chocolate-brown  colour  commonly  found,  and  shows  many  elongated 
fragments  darker  than  the  surrounding  rock ;  the  latter  in  itself  does 
not  differ  materially  from  others  in  the  neighbourhood.  The 
fragments,  which  are  sufficiently  numerous  to  give  both  specimen 
and  slide  rather  the  appearance  of  an  ash,  are  rounded  or  angular, 
similar  to  the  lava  which  contains  them,  but  still  easily  seen,  more 
especially  as  they  are  for  the  most  part  characterized  by  fiow-lines, 
which  of  course  terminate  abruptly.  Closer  observation  shows  that 
a  radial  structure  has  been  set  up,  occasionally  at  one  part  only, 
but  sometimes  irregularly  all  over :  obviously  secondary,  as  in  other 

^  That  its  the  radial  structure  does  not  define  the  edge  of  the  pyromeride, 
but  the  edge  of  the  pyromeride  determinei  the  direction  of  the  radial  growth. 
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parts  the  original  flow-lines  are  generally  found  to  piersist.  The 
latter  are  not  saffioiently  pronounced  to  prevent  the  secondary 
structure  from  heiug  formed. 

By  incident  light  the  unaltered  part  of  the  fragment  appears 
hriok-red,  as  is  so  commonly  the  case  in  these  rocks ;  the  radialized 
part,  on  the  contrary,  is  a  dull  greenish  grey,  with  golden-yellow 
polarization-tiots. 

p^^  5. — Diagram  of  fragment  showing  growth  normal  to  its  sides^the 
direction  of  which  is  indicated  by  the  three  arrows. 


X24. 
[The  tpaoe  enclosed  by  the  inner  triangle  still  shovrs  the  original  flow-lines,  tbe 
dureotion  of  whioh  is  indicated  by  the  innermost  arrow.     The  space  external 
to  the  inner  triangle  is  now  occupied  by  the  secondary  growth.] 

In  some  cases  the  fibrous  growth,  starting  at  right  angles  to  the 
hounding-walls,  has  left  no  trace  of  the  original,  and  the  appearance 
is  then  less  striking  than  when,  proceeding  uniformly  inward,  it  has 
stopped  short  of  effacement  of  the  original  flow-lines,  leaving  a 
central  part  in  which  these  are  still  clearly  visible,  contained  by 
lines  parallel  to,  and  equidistant  from,  those  defining  the  fragment. 

It  is  impossible  to  avoid  the  conclusion  that  this  radial  structure 
has  arisen  firom  the  secondary  heating-up  to  which  the  fragments 
have  been  subjected,  and  in  this  respect  it  is  closely  analogous  to 
that  described  by  Prof.  Bonney  from  Arran/ 

Prof.  Cole,'  in  a  paper  based  on  a  si)ecimen  of  rhyolite  brecciated 
by  flow  from  Rocche  Kosse,  has  described  exactly  the  same  phe- 
nomenon. He  gives  it  as  his  opinion  that '  spherulitic  crusts  will  arise 
where  fragments  of  obsidian,  sufficiently  consolidated  for  fracture,  are 
subjected  to  renewed  heating,  or  even  to  the  slow  passage  of  the 
residual  heat  from  the  lava-flow  of  which  they  form  a  part.' 

^  Geol.  Mag.  1877,  p.  506. 

«  Mia.  Mag.  vol.  ix  (1891)  p.  273. 


Digitized  by  VjOOQ IC 


110  TBI  PTBOmEXDM  OV  BOIJLAT  BAT  (JBBSXT).        [Feb.  1 898. 

lY.   PtBOMBRIDV  with  BDJLTITXLT  LABSB  QvABXB-mCLOSUBn. 

Figorefi  (6-8)  are  giren  illustrating  the  relation  existing  between 
nodules  and  the  contained  quartz-masses  from  Boolay  Bay. 

It  will  be  seen  that  they  do  not  differ  materially  from  those 
already  described  by  many  anthers.  The  accompanying  diagrams, 
however,  show  instances  of  qnartE-endosnres  from  the  harbonr  at 
Bonlay  Bay  which  deserve  a  few  words,  on  account  of  the  rather 
unnsaally  elongated  shape  that  they  present. 
.  They  occurred  in  the  pyromeride-bearing  rock  which  has  been 
above  described  as  containing  two  constituents.  Of  these,  one, 
purplish  and  viscous,  has  formed  the  nodules ;  the  other,  more  fluid, 
the  investing  *  matrix.'  It  is  with  the  former  that  these  elongated 
quartz-masses  are  associated,  a  relation  which  seems  significant  as 
to  the  condition  and  circumstances  under  which  it  has  solidified. 

In  these  pyromerides  typical  contraction-cracks  are  often  present, 
but  between  these  and  the  irregular,  comparatively  large  quartz- 
enclosures,  often  common  also,  are  many  intermediate  shapes. 
Thus  the  quartz,  though  long  in  proportion  to  its  breadth,  and  with 
crenated  edges,  seems  too  broad  often  for  a  contraction-crack,  even 
though  a  general  correspondence  obtains  between  it  and  the  nodule. 
The  size  of  the  latter  seems  of  secondary  importance :  that  is,  the  large 
pyromerides  do  not  necessarily  contain  more  quartz  than  the  smaller, 
or  vice  versa.  It  ia,  however,  sufficiently  clear  from  the  shape  that 
these  are  gas-vesicles,  and  that  they  arc  not  due  to  any  selective 
action  on  the  part  of  agents  of  decomposition  ;  and  it  is  also  dear 
that,  whatever  force  elongated  the  vesicles,  it  had  ceased  to  operate 
before  the  formation  of  the  pyromerides,  for  these  are  not  elongated. 
Perh^)s  an  explanation  may  be  sought  in  the  state  of  the  rock 
before  solidification.  The  matter  in  which  the  viscous  pyromeridal 
material  was  placed  was  a  more  perfect  glass.  The  former,  with  its 
associated  vesides,  drawn  out  into  irregular  flow-bands  or  left  as 
isolated  clots  by  the  action  of  flow  in  the  latter,  would,  perhaps, 
when  the  whole  came  to  rest,  be  enabled  to  draw  itself  together — 
like  oil  in  water — assuming,  with  its  enclosed  vesicles  (the  pressure 
in  which  would  by  this  time  have  diminished),  more  spheroidal 
outlines,  those  of  the  nodule  naturally  the  more  perfect. 

In  conclusion  I  wish  gratefully  to  express  my  thanks  to  Prof. 
Bonney  for  ever-ready  help,  and  for  the  kindness  which  he  has 
shown  me  during  the  preparation  of  these  notes. 

EXPLANATION  OF  PLATE  VII. 

Fig.  1.  Part  of  cross-section  of  a  fluxional  bend  composed  of  pyromerides.  The 
figure  shows  tbe  structure  of  a  p}Tomeride,  and  includes  aeon tmction- 
orack  oonoentrio  with  the  periphery,  anid  showing  recurred  extre- 
mities. Nuroerous  brecciatiOD-Teins  traTcrse  tbe  section.  Tbe  centre 
shows  a  somewhat  different  structure  from  the  rest.  In  places  it  is 
ooxnposed  of  ill-developed  spherulites  (not  included  in  the  figure). 
Oliff  north  of  jetty,  Boulay  Bay.  X  9^. 
2.  Pyromerides  and  enclosing  perlitio  rock,  illustrating  the  difference  in 
the  nature  of  the  two.  The  irregular  shape  of  the  former,  as  de- 
sflribed  in  the  text,  is  plainly  shown.  From  beach  in  harbour,  Boulay 
Bay.     X9i.  (  \ 
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Fig.  6. — Pyromeride  thowing  shape  of  enclosed  qiiartz-mass  (dotted); 
from  Boulay  Bay. 


[Nat  size.] 

The  two  lower  figures  show  the  extension  of  the  quartz  in  two  planes  at 

right  angles  to  that  of  the  upper  figure. 

Fig.  7. — Pyromeride  from  Boulay  Bay,     (The  right-hand  figure 
represents  a  section  taken  across  the  left-hand  one.) 


[Nat.  siie.    As  in  the  other  figures,  the  dotted  areas  represent  quarts.] 


Fig.  8. — Diagram  of  elongated  gas-vesicles  in  pyromeridal  rock, 
(From  harbour  of  Boulay  Bay,) 


[Sligfatlj  more  than  nat  size.] 


[f  nat  size.] 
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D18CUBSION. 

Dr.  J.  W.  Gbboort  remarked  on  the  resemblance  between  the 
Bcctioos  exhibited  by  the  Author  and  the  hollow  spherulites  of 
Obsidian  Cli£f.  He  suggested  that  the  infiltration  of  quartz  inte 
such  hollow  spherulites,  which  often  consist  of  concentric,  separated 
layers,  would  account  for  the  formation  of  such  pyromerides  as 
those  of  Jersey.  He  thought  that  the  characters  of  the  Obsidian 
Cli£f  lithophyses  could  be  best  explained  by  the  alteration  of  spheru- 
lites through  their  inclusion  in  a  lava  of  later  date  than  their  original 
formation ;  and  he  noted  the  coincidence  of  the  occurrence  of 
brecciated  obsidian  in  association  with  the  lithophyses  in  the  one 
case,  and  of  brecciated  felsite  in  association  with  the  pyromerides  of 
Jersey.  He  congratulated  the  Author  on  this  interesting  contri- 
bution to  the  literature  of  the  coarsely  spherulitio  rocks. 

Prof.  Bonnet  said  that  the  Author  had  mentioned  the  obsidian 
from  the  Yellowstone  Park,  but  inclined  to  the  view  that  those 
spherulites  were  due  to  radial  devitrification.  At  the  same  time  it 
would  be  quite  possible  that  the  structure  described  by  Dr.  Gregoiy 
might  also  occur,  for  the  Author  considered  the  spherulites  and 
pyromerides  of  Boulay  Bay  to  have  had  different  origins. 
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8.  Exploration  of  Tr  Nbwtdd  Cavbs,  Tremeircuion,  North  Wales. 

By  the  Rev.  G.  C.  H.  Pollen,  S.J.,  F.G.S.     (Read  December 

loth,  1897.) 

[Abridged.] 

[Platb  VIII— Section.] 
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I.  Introduction. 

In  November  1896  a  committee  was  formed,  consistiog  of  Dr.  H. 
Hicks,  F.R.S.,  our  President,  Dr.  H.  Woodward,  P.R.S.,  with 
myself  as  secretary,  to  excavate  some  caves  at  Tremeirchion,  very 
near  the  caves  of  Ffynnon  Beuno  and  Cae  Gwyn.  These  last  were 
excavated  by  Dr.  Hicks  and  Mr.  £.  B.  Luxmore,  and  during,  part  of 
the  time  by  a  committee  appointed  by  the  British  Association  in  the 
years  ]  883  to  1888,*  and  it  was  hoped  that  the  contents  of  the  new 
caves  might  throw  some  additional  light  on  the  discoveries  made 
there. 

Our  work  is  still  far  from  complete,  but  Dr.  Hicks,  to  whose 
authority  I  shall  frequently  api»eal  throughout  this  report,  considers 
that  the  results  already  obtained  are  of  sufficient  interest  to  be 
brought  before  the  Society. 

In  addition  to  organizing  the  committee  of  excavation,  Dr.  Hicks 
obtained  two  grants,  from  the  Reserve  Fund  of  the  Royal  Society 
and  from  the  Government  Grant  Fund,  to  cover  expenses.  I  am 
moreover  indebted  to  him  for  much  valuable  advice  and  assistance, 
in  examining  the  materials  found,  and  even  in  visiting  the  cave  in 
person. 

I  must  abo  express  my  gratitude  to  Mr.  A.  Foulkos-Roberts,  of 
Denbigh,  for  his  very  kind  help  in  the  prolonged  negotianons  that  1 
have  had  with  the  tenants  of  Ty  Newydd  Cottage,  after  which  I 
have  named  the  cave.  I  must  add  that,  since  we  first  came  to  an 
understanding,  the  owner,  Mrs.  M.  E.  Griffiths,  of  Mold,  has  shown 
every  disposition  to  assist  me.' 

Another  portion  of  land,  under  which  the  cave  runs,  is  the  pro- 
perty of  the  Rev.  E.  J.  Edwards,  Vicar  of  Tremeirchion.  He  and  his 
tenant,  Mr.  Edward  Jones,  placed  the  ground  at  my  free  disposal. 

^  A  great  number  of  papers  haTe  been  published  referring  to  these  excava- 
tions. Prof.  T.  McK.  Hughes,  P.B.S.,  in  Quart.  Journ.  Geol.  Soc..  vol.  zliv 
(1888),  pp.  112  et  seqq.,  gives  references  to  papers  published  before  that  date. 
Dr.  Hicks  read  a  subsequent  paper,  which  was  published  in  the  same  vol.  of 
this  Journal,  pp.  561  et  seqq.  % 

^  [It  is  with  great  regret  that  I  have  now  to  state  that  Mrs.  Griffiths  died 
on  Dec.  2drd,  1897,  alter  only  a  few  days'  illness.] 
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Mr.  P.  P.  Pennant,  J.P.,  of  Nantlye,  also  gave  me  full  permission 
to  make  excavations  in  the  valley  below  the  cave,  and  to  make  a 
new  section  of  the  floor  of  Ffynaon  Beuno  cave,  in  order  that  we 
might  compare  the  varioas  materials  there  with  those  which  we 
had  dag  out. 

Finally,  I  cannot  refrain  from  tendering  my  thanks  to  the  other 
theologic»d  students  of  8t.  Beuno's  College,  who  have  actively  assisted 
me  with  spade  and  pick.  To  one  in  particular,  the  Rev.  £.  R.  Hull, 
S.J.,  I  am  indebted,  not  only  for  most  energetic  manual  labour,  but 
also  for  carefully  measuring  and  preparing  all  the  plans  and  sections 
brought  before  the  Geological  Society. 

A  view  showing  the  exposed  entranee  to  ly  Newydd  Caves  was 
given  by  Prof.  T.  McK.  Hughes  in  the  paper  already  mentioned.' 
No  excavation  was,  however,  undertaken  at  that  time. 

Owing  to  the  proximity  of  Ty  Newydd  Cottage,  we  were  unable 
to  approach  the  cave  ftx>m  the  exposed  front,  but  we  had  to  make 
a  cutting  and  tunnel  through  the  solid  rock  from  the  hillside  above. 
This  work  occupied  the  whole  winter  of  1896-97,  and  it  was  not 
till  March  that  we  could  begin  the  actual  exploration. 

Ty  Newydd  Caves  are  on  the  northern  slope  of  a  hill  of  Car- 
boniferous Limestone  called  Y  Graig  or  Graig  Tremeirchion.  This 
rock  projects  forward  from  the  range  of  Denbighshire  Grits  and 
Wenlock  Shales  which  form  the  north-eastern  side  of  the  Yale 
of  Clwyd.  Immediately  to  the  east  there  are  two  hills  800  feet 
high,  both  less  than  a  mile  distant.  The  Graig,  which  is  595 
feet  high,  is  joined  to  these  by  a  ridge  which  descends  to  520  feet. 
On  the  other  three  sides  there  is  an  uninterrupted  view  across  the 
Clwyd  Valley. 

The  whole  hillside  and  vaUey  round  the  Graig  are  covered  with 
Botdder  Clay,  containing  frequent  specimens  of  quartzite,  pink 
granite,  and  other  rocks  which  were  recognized  by  Br.  Hicks  as  un- 
doubtedly from  the  Lake  District  or  Scotland.  The  Graig  itself  is 
almost  bare  rock,  thinly  covered  with  turf,  under  whieh,  in  all  the 
hollows  and  pockets  that  we  have  explored,  we  have  found  scattered 
stones  of  Denbighshire  Grit  and  other  local  material,  very  clearly 
striated,  also  some  Arenig  feist  ones,  flint,  quartzite,  etc. 

On  the  northern  side  there  is  a  steep  descent  to  a  little  brook,  which 
flows  at  an  elevation  of  300  feet  through  Fiynnon  Beuno  Farm  and 
the  grounds  of  Bryn  Bella.  On  the  opposite  side  of  the  stream, 
and  exactly  facing  Ty  Newydd  Caves,  are  the  tbimer  excavations  of 
Ffynnon  Beuno  and  Cae  Gwyn. 

The  entrance  to  Ty  Newydd  Caves  is  hidden  from  the  valley  by  a 
wall  of  rock,  the  space  between  this  and  the  caves  having*  been 
quarried  away  about  50  years  ago.  In  this  wall  there  is  a  small 
cave  running  down  towards  the  valley.  This  may  be  a  continuation 
of  our  tunnel,  but  we  have  had  no  opportunity  of  examining  it. 

The  present  pai;^  of  the  cave  exposed  appears  to  be  the  back  of  a 

1  P.  183,  flg.  7. 
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Urge  chamber,  19  feet  across  and  12  feet  high,  of  which  the  roof  still 
projects  some  7  to  10  feet.  In  some  places  stalactites  adhere  to  the 
roof ;  an  old  man  still  remembers  coming  to  the  cave  as  a  boy,  and 
kno<^ng  off  the  *  icicles '  to  feed  a  limekiln  which  stood  on  the  site  of 
the  present  cottage.  The  eastern  side  of  this  chamber  was  occupied 
hj  a  bank  of  drift  extending  6  feet  into  the  carern  and  concealing 
the  month  of  a  oaye,  the  *  Eastern  Caye/     On  the  extreme  west. 


Fig.l. 

Valley  Between 
Cae  Gwyn  Cave 

AND 

GRAIG  TREMEIRCHION 


Summit  0 


0arim9OHftmitlt 
-*«l/«  f9mmd  at  tki»  I—I 


at   a   slightly  lower  level,    was   a  second   bank  of  drift   which 
proved  to  be  standing  in  the  entrance  of  the  '  Western  Cave.' 

For  convenience  of  measurement  we  took  a  uniform  datum-line, 
at  425  feet  above  the  sea-level  and  21  feet  above  the  floor  of 
Cae  Gwyn  Cave.  The  lower  part  of  the  front  and  all  the  cliff-face 
showed  boring-holes  of  the  former  quarry-work. 

The  material  found  in  the  caves  may  be  classified  as  follows : — 
1.  Disturbed  material.  This  consists  of  large  angular  and 
subangular  pieces  of  limestone,  sometimes  much  fretted  from  long 
exposure  to  the  wet  drift,  but  frequently  with  fresh  faces,  presum- 
ably due  to  quarry-work.  The  matrix  is  a  red  sandy  clay  without 
lamination,  similar  to  that  in  the  smaller  vertical  fissures  near  the 
surface.  This  bed  also  contained  many  large  broken  stalactites  and 
pieces  of  stalagmite  up  to  1  inch  thick.  It  occurs  only  on  the  top 
of  the  bank  in  front  of  the  Eastern  Cave. 
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2.  Sand.  This  is  usually  red  from  the  presence  of  some  clay, 
but  occasionally  yellow  and  nearly  pure.  It  has  no  lines  of  strati- 
fication. 

3.  Gravel.  This  is  for  the  most  part  clayey,  and  contains  the 
following  material : — 

(a)  Denbighshire  Grit  and  micaceous  shale — the  ordinary  stone 
of  the  gravel — dark  oUve-green  or  greeuish-blue  to  pale 
greenish-yellow.  When  long  exposed  to  wet  it  is  very 
soft,  with  an  outer  coating  of  dark  shining  clay.  Size  : 
large  grains  to  the  size  of  a  brick.  The  larger  stones  are 
much  flattened,  like  those  of  Glacial  Drift,  but  there  are 
no  striaD  visible  on  the  stones  in  the  caves. 

(b)  Chert — frequent  in  the  uppermost  and  lowest  beds  of  gravel, 
rarer  in  the  middle — white  or  pale  yellowish  grey,  often 
containing  Carboniferous  chert-fossils ;  subangular;  without 
striaB.    Size :  small  grains  to  fragments  2  inches  in  diameter. 

When  we  sent  the  first  subangular  specimens  to  Dr.  Hicks, 
he  was  inclined  to  think  that  they  might  be  very  rude 
implements.  But  on  subsequent  examination  of  larger 
quantities  it  was  considered  that  they  were  too  doubtful 
to  bring  forward  as  evidence  of  man's  handiwork. 

(c)  Vein-quartz.  Abundant  in  some  places  and  scarce  in 
others,  but  confined  to  no  special  beds — white  or  pale 
yellow,  with  black  irregular  markings ;  much  rounded  ; 
without  striae.  Size :  small  grains  to  fragments  2^  inches 
in  diameter. 

(d)  Stalactites — only  in  large  chambers — usually  broken  ;  of 
very  coarse,  crystalline  structure ;  up  to  6  inches  in 
diameter. 

(e)  Stalagmite— confined  to  the  upper  beds— coarsely  crystal- 
line ;  ^  to  1  inch  thick,  small  fragments  up  to  5  inches 
square. 

(/)  Limestone — masses  of  every  size  occur  in  all  the  beds 
except  the  lowest  gravel.  In  one  part  filling  a  swallow- 
hole,  the  material  was  chiefly  angular  limestone  in  sandy 
clay,  with  a  few  small  grains  of  Denbighshire  Grit  and 
small  patches  of  purple  clay. 

The  top  gravel  in  both  caves  is  more  sandy  and  contains  stalag- 
mite-fragments. The  intermediate  beds  are  often  so  largely  mixed 
with  red  clay  that  the  bed  might  ratlier  be  called  gravelly  clay 
than  clayey  gravel.  The  lowest  bed  contains  most  of  the  larger 
stones  of  Denbighshire  Grit  in  iiregular  patches,  but  is  otherwise 
very  compact  and  fine. 

None  of  the  gravels  show  lines  of  stratification,  the  stones,  where 
large  or  flat,  being  arranged  according  to  the  turns  and  eddies  of 
the  water  in  a  confined  space,  rather  than  in  any  consistent  layers. 

4.  The  Brown  laminated  clay  is  in  very  fine  layers  of 
various  colours,  some  being  red,  others  yellow  or  black,  the  general 
mass  being  yellow  when  dry,  and  reddish-brown  when  wet.     In 
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the  latter  Btate  it  is  often  hard  to  distinguish  from  the  red  day 
next  described.  When  at  nil  dry  it  separates  readily  along  the 
lamiosB  and  gives  a  bright  streak  with  the  pick. 

5.  The  Red  plastic  clay  appears  frequently  to  be  derived 
from  the  last  by  partial  removal  of  the  sand ;  it  then  retains  the 
lines  of  lamination,  though  obscurely,  but  does  not  split  up.  At 
other  times  it  is  browner  in  colour  and  free  from  lamination,  and 
iiUs  several  of  the  larger  horizontal  fissures. 

6.  The  Yellow  stiff  clay  seems  to  be  another  modification  of 
no.  4,  from  which  all  sand  has  been  removed.  It  is  very  stiff,  of  a 
bright  yellow  colour,  with  scarlet  bands,  and  readily  splits  up  into 
thin  layers.  This  bed  only  occurs  as  a  lenticular  mass  in  the 
Eastern  Cave. 

7.  The  Blue  stiff  clay  does  not  occur  in  regular  beds,  but  in 
larger  or  smaller  irregular  masses.  It  fills  many  of  the  horizontal 
fissures,  where  alone  it  is  compressed  into  lamin®.  It  is  very  stiff, 
and  in  parts  quite  hard  and  nearly  purple. 

II.  The  Eastern  Cave. 

The  Eastern  Cave  was  concealed  by  a  bank  of  drift  which  ex- 
tended aloug  one  side  of  the  exposed  front.  It  was  entirely  pro- 
tected by  the  overhanging  roof,  and  was  evidently  undisturbed 
except  for  1  or  2  feet  at  the  top.*  The  bank  was  6  feet  high,  with 
an  open  space  of  5  feet  between  it  and  the  roof.  It  rested  on  a 
floor  of  broken  rock  422  feet  above  sea-level.  Sections  were 
taken  at  all  the  places  marked  with  Arabic  numerals  on  the 
accompanying  map  {^g,  2,  p.  124). 

The  southern  side  consisted  almost  entirely  of  laminated  clay. 
The  lines  of  lamination  were  very  wavy  near  the  rock- wall — a 
result  sufficiently  accounted  for  by  the  trickling  of  water  along  the 
rock,  gradually  washing  and  dragging  down  that  side  of  the  bed. 
We  could,  however,  trace  continuous  laminae  horizontally  from  south 
to  north  through  the  whole  length  of  the  bed,  and  also,  on  digging 
ack,  we  could  follow  the  same  lines  with  a  slight  north-easterly 
dip  throughout  the  whole  Eastern  Cave. 

The  northern  side  of  the  external  bank  consisted  of  the  same 
laminated  clay  alternating  with  beds  of  fine  gravel,  which  thinned 
out  towards  the  centre  of  the  bank,  and  only  reappeared  as  lenti- 
colar  masses  towards  the  south-east  of  the  cave  inside.  Here 
they  gradually  merged  into  red  plastic  clay  overlying  the  continuous 
laminated  clay. 

The  lowest  bed  of  gravel  was  coarser  than  those  above,  but  did 
not  extend  into  the  cave.  Of  these  gravels  the  upper  one  alone  con- 
tained fragments  of  broken  stalagmite  averaging  ^  inch  in  thickness. 

'  There  ii  a  tradition  that  the  body  of  a  murdered  pedlar  was  found  here 
during  the  quariTiog  some  60  years  ago.  A  box  of  gold  coins  and  a  red 
silk  shawl .'  (the  latter  fondly  remembered  by  the  female  inhabitants  of  the 
Tillage),  which  were  suppoacd  to  huve  been  buried  with  him,  have  not  yet 
been  found. 
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On  remoying  the  whole  bank  a  passage  was  found,  6  feet  high  and 
extending  about  8  feet,  when  the  floor  stopped  abruptly,  giving 
admission  to  a  cayem  23  feet  long  and  4  to  10  feet  broad,  at  a 
much  lower  leyel. 

The  upper  beds  of  the  passage  and  cave  were  continuous  with 
those  that  we  had  already  exoavated,  while  below  appeared  a  bed  of 
sand,  which  in  the  passage  was  largely  mixed  with  blue  day,  but 


Fig.  2. 


PLAN  OF 

Ty  Newydd  Caves 


\  Sp€  tiaij  li  of  f<u  t  Caife  A  B^d  !#**, '^ 


in  the  caye  itself  was  almost  pure  and  extends  to  an  unknown 
depth.  In  the  northern  part  of  the  cave,  between  the  plastic  and 
laminated  clays,  there  was  a  lenticular  mass  of  yellow  clay  described 
above,  such  as  we  have  not  met  with  elsewhere  in  the  ex- 
cavations. 

The  cave  is  enclosed  on  all  sides  by  solid  rook,  and  the  only 
outlet  must  be  below.  We  have  excavated  8  feet  below  the  level 
of  the  passage  without  finding  a  floor,  and  for  the  present  we  have 
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eeafled  to  explore  further.  In  the  walls  of  the  pasea^  and  right 
round  the  cave  there  is  an  horizontal  fissure  2  to  3  feet  high,  filled 
with  hlue  clay.  This  we  have  not  removed,  as  the  roof  appears  to 
have  no  other  support  and  is  here  much  hrokeo.  There  is,  how- 
ever, no  fissure  connecting  wi^h  the  surface,  since  we  made  an 
artificial  tunnel  through  solid  rock  right  across  the  roof  of  the 
cave  (see  plan,  fig.  2). 

Fig.  3. — Section  No,  1  in  the  Ea^ittrn  Cave, 


The  following  are  the  measurements  taken  during  the  excavation  ; 
the  positions  can  be  seen  in  the  plan  (fig.  2,  p.  124),  in  which 
the  number  of  each  section  is  given  in  Arabic  numerals. 

Junction  of  Sects,  1^3. 

Ft.  iiw. 


At  the  junction  of  Sects,  1  ^ 


Ft.  ins. 

Disturbed    1     0 

Laminated  clay  1     0 

Olayey  graTel 6 

Laminated  clay  6 

Clayey  gravel 4 

Laminated  clay  2 

Clayey  grayel 2 

Laminated  clay  2 

Clayey  gravel 4 

Laminated  clay  3 

Coarsegravel 3 

Junction  of  Sects.  4  4c  ^, 
ai  mouih  of  Eastern  Cave, 

Ft.  ins. 

Sand 6 

Plasticclay 1     0 

Sandy  gravel  4 

Sand 3 

Laminated  clay  1  10 

Blue  clay 1     0 


Disturbed 1     0 

Sandy  gravel  6 

Laminated  clay  1     0 

Clayey  gravel 6 

Laminated  clay  4 

Clayey  gravel 6 

Laminated  olay  2 

Clayey  gravel 8 

Laminated  clay  3 

Coarsegravel 3 

Middle  of  Sect.  6.      6  feet  in 
passage  of  Eastern  Cave, 

Ft  ins. 

Sand 6 

Sandy  gravel  4 

Plasticclay 7 

Clayey  gravel 3 

Laminated     clay     andl  ^     g 

gravel  ; 

Blue  elay  and  nnd 1  10 
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Middle    of  Sf4:i.  7.      Southern 
portion  of  Eastern  Cave. 

Ft  ins. 

Sand « 

Laminated  clay  4 

Plastic cU J  and  gravel  ...  2  11 

Clayey  gravel 1     5 

Laminated  claj  1  11 

Sand  over  6    0 


Middle  of  Sect.    8.     Northern 
portion  of  Eastern  Cave. 

Ft.  ina. 

Plastic  clay 3    0 

YeUowolay 1     6 

Laminated  clay  6    0 

Sand over    3    0 


m.  The  Wbstebn  Cavb. 

The  Weatem  Cave  is  a  fissure-tunnel  extending  a  coDsiderable 
distance  into  the  hillside,  with  its  roof  more  or  less  parallel  to  the 
slope  of  the  hill  at  a  distance  of  16  to  20  feet,  bat  this  dbtance 
diminishes  as  we  proceed  farther. 

Before  we  began  our  excavation,  a  body  of  laminated  clay  was 
visible  on  the  extreme  west  of  the  month,  running  parallel  to  the 
side.  This,  aided  by  some  larger  stones  from  the  gravel  and  a  small 
oblique  patch  of  clay,  g&ve  the  whole  bed  the  appearance  of  dipping 
almost  vertically.  On  cutting  back,  however,  to  an  undisturbed 
face,  it  was  seen  that  there  was  a  distinct  horizontal  stratification, 
and  the  laminss  along  the  wall  were  found  to  be  of  a  different 
appearance  and  texture  from  those  met  with  elsewhere,  being  probably 
due  to  material  washed  down  from  the  other  beds,  and  deposited  in 
the  space  left  by  shrinkage  of  the  whole  mass.  Similar  beds  of  sand» 
clay,  or  gravel  were  found  at  intervals  in  many  parts  of  the  cave. 

Under  the  mouth,  at  a  height  of  414  feet  above  sea-level,  there 
was  a  large  block  of  stone  extending  into  the  cave  some  7  feet. 
As  we  were  unable  for  the  present  to  remove  this,  we  made  our  floor 
to  the  same  level,  only  once  sinking  a  shaft  3  feet  deeper  into  the 
gravel  at  a  distance  of  7  feet  from  the  mouth.  The  true  floor  of 
the  cave  has  not  been  found  in  any  part  of  the  excavations. 

The  succession  of  beds  in  the  cave  was  as  follows  : — 

1.  Sand,  usually  1  foot  deep  in  the  part  nearest  the  mouth,  but 
much  deeper  under  the  two  vertical  openings  to  be  described  later. 
Beyond  the  second  opening  the  sand  appears  to  increase  rapidly. 
At' 65  feet  from  the  mouth  it  is  over  6  feet  deep. 

2.  Clay,  laminated  in  part,  especially  near  the  vertical  openings, 
but  becoming  plastic  in  other  parts,  very  variable  in  thickness.  It 
is  however,  traceable  as  a  more  or  less  distinct  bed  throughout, 
though  interrupted. 

3.  Sandy  gravel.  This  stratum,  from  4  to  12  inches  in  thick- 
ness, is  a  most  characteristic  bed.  Although  the  proportion  of 
sand  and  day  in  its  composition  varied,  it  could  always  be  recog- 
nized by  the  presence  of  broken  stalagmite  |  to  IJ  inch  or  more 
thick,  and  also  of  subangular  chert,  which  was  abundant  in  this 
and  the  lowest  gravel,  but  absent  from  the  intermediate  beds. 

4.  Plastic  clay  and  clayey  gravels.  These  were  met  with 
in  very  variable  beds  or  masses,  especially  in  the  first  40  feet 
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excavated.  Beyond  this  distance  the  gravel  hecomes  more  homo- 
geneous and  compact,  being  merged  into  the  lowest  compact  gravel. 
At  32  feet  from  the  mouth,  the  combined  thickness  of  the  clays  and 
clayey  gravels  was  6^  feet. 

5.  Compact  gravel.  This  is  the  lowest  bed  that  we  have 
excavated,  and  it  extends  throughout  the  whole  cave,  with  a  fairly 
level  surface,  about  420  feet  above  sea-level,  though  it  is  higher 
immediately  over  the  large  stone  at  the  mouth.  It  is  characterized 
by  the  presence  of  subangular  chert,  but  beyond  40  feet  from  the 
entrance  we  could  no  longer  find  any  clear  line  separating  it  from 
the  upper  clayey  gravel. 

At  24  feet  from  the  mouth,  and  again  at  44|  feet,  there  were 
vertical  openings  in  the  roof  of  the  cave,  reaching  to  the  surface. 
The  first  of  these  was  free,  except  for  a  heap  of  stones  below, 
and  one  or  two  large  stones  and  a  little  soil  above.  The  sides 
were  very  little  worn  by  water,  and  it  gave  every  sign  of  being 
comparatively  recent.  The  second  opening  was,  however,  larger 
and  with  rounded  sides.  It  was  filled  with  drift  right  up  to  the 
surface. 

Below  the  top  soil,  here  very  thin,  there  was  a  rough  gravel 
containing  local  stones,  together  with  several  quartzites  and  felsites 
identified  by  Dr.  Hicks  as  hailing  from  the  Snowdonian  area.  We 
also  found  a  flint-pebble  which,  according  to  the  same  authority, 
can  have  come  only  from  some  northern  source. 

At  5^  feet  from  the  surface  this  gravel  was  succeeded  by  a  bed 
of  sandy  to  clayey  gravel  composed  almost  entirely  of  subangular 
limestone-fragments,  with  a  few  small  grains  of  the  local  grits 
and  patches  of  blue  clay.  This  bed  was  17  feet  thick.  Below 
these  came  the  ordinary  succession  which  we  had  found  through- 
out, and  this  continued  right  across  the  opening,  though  slightly 
disturbed  by  the  deposit  which  had  evidently  fallen  in  through 
the  swallow-hole  at  a  subsequent  date  to  the  general  fiUing-in  of 
the  cave. 

At  46  feet  10  inches  from  the  mouth,  and  almost  under  this 
swallow-hole,  18^  feet  below  the  subangular  limestone-deposit 
(that  is,  6 1  feet  below  our  datum),  we  found  a  much- worn 
fragment  of  tooth,  which  has  since  been  identified  at  the  Jermyn 
Street  Museum  by  Mr.  E.  T.  Newton,  F.R.S.,  as  part  of  a  lower 
molar  of  rhinoceros.  Unfortunately  the  species  could  not  be 
determined  with  certainty. 

Throughout  the  whole  cave  large  blocks  of  limestone  from  the 
roof  and  sides  were  met  with  in  the  upper  beds,  but  the  lower 
portion  of  the  walls  had  remained  in  place  until  we  removed  the 
contents  of  the  cave. 

Turning  now  to  the  longitudinal  section  (PI.  VIII),  I  must  first 
point  out  that,  although  the  general  idea  is  correct,  in  some  cases 
we  had  to  choose  which  beds  to  represent  or  omit,  as  they  frequently 


Digitized  by  VjOOQ IC 


128  RSY.  6.  C.  H.  POLLEV  OK  IBM  [Feb.  1 898, 

separate  yertically  (see  fig.  4,  p.  129).    In  each  case  we  have  taken 
the  measurements  from  the  highest  point  of  the  roof. 

In  the  entrance  is  seen  a  large  block  of  limestone  below,  which  is 
the  only  sign  of  a  floor  with  which  we  have  met,  even  if  it  can  truly 
be  said  to  represent  a  floor.  We  hope  to  be  able  in  the  course  of 
next  year  to  excavate  at  a  lower  level,  and  if  possible  to  find  the 
true  floor  of  the  tunnel.  Up  to  sect.  IV  *  the  sequence  is  quit« 
dear,  and  in  the  upper  beds  to  sect.  VI  also,  but  the  middle  and 
lower  beds  were  too  confused  to  follow  exactly. 

From  sect.  VI  to  sect.  VII  we  despaired  of  taking  sections 
which  would  fairly  represent  the  beds,  owing  to  the  presence  of  large 
blocks  of  limestone  and  extreme  dampness.  The  upper  laminated 
day  and  gravel  were  alone  measured  accurately.  The  succession  of 
the  other  strata  is  correct,  but  I  cannot  say  that  they  are  strictly  to 
scale.  We  can  also  connect  all  the  beds  here  with  those  which 
extend  beyond  sect.  VII,  except  the  second  sandy  gravd.  This 
most  probably  unites  with  the  upper  bed  at  sect.  VII,  and  both 
continue  together,  but  it  may  have  become  more  clayey  and  been 
merged  in  the  clayey  gravel  below,  since  this  contains  a  few  pieces 
of  stalagmite  in  it«  upper  part.  A  possible  explanation  would  be 
that  all  the  sandy  gravel  and  laminated  clay  were  originally  against 
the  roof  of  the  cave,  and  that  the  beds  have  gradually  settled  down, 
the  present  top  part  being  retained  in  position  by  two  projecting 
shoulders  of  the  walls.  The  sand,  on  this  supposition,  would  have 
been  introduced  later  through  the  shaft  above. 

This  opening  is  16  feet  2  inches  high  from  the  roof  of  sect.  VI, 
but  the  top  is  not  the  original  surface,  as  several  feet  have  been 
quarried  away  quite  recently. 

At  a  height  of  5  feet  from  sect.  VI,  on  the  south  side  of  the  shaft, 
there  is  a  small  gallery,  open  for  15  feet,  but  too  narrow  to  explore 
further.  There  was  about  1  foot  of  mixed  clay  and  sand  on  the 
floor,  but  no  lamination  or  stratification  was  visible  in  this  bed. 

From  sect.  VII  onward  every  line  represents  a  distinct  bed, 
which  was  not  only  measured  at  the  subsequent  sections,  but  was 
also  followed  up  carefully  from  one  point  to  another. 

In  all  this  portion  of  the  cave  there  are  many  large  blocks  of 
limestone,  especially  in  the  upper  strata.  I  have  not  figured  these, 
as  they  did  not  prevent  us  from  following  up  the  various  strata. 

Beyond  sect.  XI  there  is  a  second  opening  in  the  roof.  This  is  21 
feet  high.  It  is  filled  with  a  bed  of  gravel,  of  a  different  character 
firom  any  with  which  we  have  met  before,  composed  of  angular  lime- 
stone in  sand  or  day,  with  a  few  minute  grains  of  Denbighshire  Grit 
here  and  there,  and  some  small  patches  of  blue  clay.  The  top  part, 
for  64  feet,  had  some  larger  stones  with  very  distinct  gladal  strise, 
and  they  include  some  erratics  from  the  Snowdon  district. 

The  laminated  days  and  gravels  all  pass  under  the  shaft,  and  are 
found  quite  distinct  on  the  farther  side,  though  there  has  evidently 
been  some  confusion  immediately  below  the  opening. 

*  The  BomMi  mimeral«  indicate  the  TariouA  tranavorae  aections  t«iken. 
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[The  position  of  the  rhinoceros-tooth  is  indicated  at  seot.  XI 7,  at 
the  end  of  the  compact  gravel  ezcavatod  when  the  drawing  wa^ 
made.  The  excavation  has  since  been  continued  to  the  same  level 
as  far  as  sect.  XVIII,  but  no  other  fossils  have  been  discovered. 

The  roof  beyond  seot.  XVIII  continues  at  approximately  the 
same  slope  as  between  the  two  openings,  and  as  the  ground  outside 
is  more  nearly  level,  we  are  approaching  the  surface.  The  matorial 
excavated  beyond  the  last  point  shown  in  the  drawing  (Pi.  VIII) 
is  almost  pure  sand,  at  least  5  feet  thick  at  a  distance  of  10  feet 
from  sect.  XVIII.] 

Fig.  4. — Section  X  in  the  Western  Cave. 


secr/ou 

At3anf0in    /p^ 
from  mouth 


ft.  m. 
Sand  -  7 

SanH  "  2 

»     -10 

Sand  -  5 


Gravel 


Gravel 


2  9 


RedCJay     1  8 


2  9 


Red  Clay     1   8 


CompaM^^ 
Gravel    i\exca- 
li-vated. 


The  various  measurements  were  all  taken  from  the  highest  point 
in  the  roof  above  each  section,  and  the  distance  above  or  below 
datum  refers  to  this  point.  Sections  XII  and  XIII  were  mea- 
sured from  the  surface  over  the  second  swallow-hole.  A  few  of 
these  measurements  are  appended  (see  p.  1«50),  and  their  position 
can  be  found  on  the  plan  (fig.  2,  p.  124)  and  longitudinal  section 
(PL  VIU). 

Q.J.G.8.  No.  213.  E 
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Sect.  I. — 3  inches  below  datum^ 
at  mouth  of  Western  Cave. 

Ft  ins. 

Sand 1    0 

PliwtiocUy 6 

Sandj  gravel  3 

Plastic  clay 4 

Luminatcd  day  3 

Clayey  grafel 11 

Plastic  clay 5 

Compact  gravel  6    4 

Blue  clay 6 

Sect.  VII. — 4  feet  above  datum, 
and  33  feet  2  inches  from 
mouth. 

Ft.  ins. 

Sand    2    0 

Sandy  gravel  2    5 

Clayi  and  grayels  4  10 

Compact  gravel 3    3 


Sect.  XII. — Sli  feet  above  datum 
(i.  e.  surface),  and  44 j  feet 
from  mouih. 

Q  ravel  with  northern  and 
western  erratics    

Gravel  of  angular  lime- 
stone } 

Laminated  clay  

Sand 

Sandy  gravel  1 

Clayey    and    compact    1    - 
gravel / 


Sect.  VI. — 1  inch  above  daium^ 
and  24  feet  from  mouth. 

Ft  ins. 

Sand 2    0 

Sandy  gravel  1    3 

Clays  and  gravel    2    6 

Clayey  gravel 10 

Plastic  day 6 

Compact  gravd 2  11 


Sect.  X. — 8 j  feet  above  datum^ 
and  38  feet  10  inches  from 
mouth.     {See  fig.  4,  p.  129.) 
Ft  ins. 

Sand 7 

Laminated  day  5 

Sand 2 

Sandy  gravd  10 

Sand 6 

Clayey  gravd 2    9 

Pbsticday 1     8 

Clayey  gravd 2    9 

Plastic  clay ..« 1    3 

Compact  gravd 4    2 

Sect.XrV. — 24  feet  above  datum, 
and  46  feet  10  inches  fi*om 
mouth. 

Ft  im. 

Gravel  of  angular  lime-1  .9  ^ 

stone j^^  ^ 

Sand 2 

Sandy  to  clayey  gravd  ...     1  5 

Plastic  clay 3  3 

Compact  gravd  ^    13  6 


^  In  the  lowest  part  of  this  section 
the  tooth  was  found. 


Sect.  XVII. — IS  feet  8  inches  above  datum,  and 
53  feet  7  inches  from  mouth. 

Ft.  ins. 

Sand 2  0 

Gravel  of  angular  limestone 4  6 

Sandy  gravel    1  7 

Laminated  day   5 

Clayey  gravel  4 

Laminated  clay   8 

Clayey  gravel  3 

Sand 2 

Laminated  day    4 

Compact  gravel    15  0 
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IV.   ComXSXIOV  WITH  the  NsieHBOUBHOOD  AND 

Pptknok  Beuso  Ca?£8. 

Besides  making  the  excavations  in  the  caves,  we  also  dog  holes 
in  the  hillside  above,  in  the  valley  below,  and  in  the  Hoor  of 
Ffynnon  Beano  Cave. 

Above  us  we  found  1  to  2  feet  of  top  soil  and  roots  containing 
many  scattered  stones  of  striated  Denbighshire  Grit,  vein-quartz, 
and  Snowdonian  erratics.  Beyond  the  fence  to  the  west  there  are 
cultiTated  fields  over  which  small  boulders  are  scattered,  the  larger 
having  been  gathered  into  heaps  in  the  hedge.  A  few  minutes' 
search  of  either  heaps  or  smaller  stones  was  sufficient  for  obtain- 
ing many  specimens  of  granite  and  felsite.  I  sent  a  collection  of 
these  to  Dr.  Hicks,  who  replied : — *  There  are  undoubted  northern 
fragments, — granite,  quartzite,  and  some  peculiar  felstones ;  these 
probably  came  from  the  Lake  District,  though  some  may  have  had 
a  still  more  northerly  home.  Others,  grits  and  felstones  of  various 
kinds,  might  have  come  from  the  Welsh  mountains,  west  of  the 
Vale  of  Clwyd.  They  resemble  rocks  found  in  situ  in  the  Snow- 
donian area,  Arenig,  etc/ 

In  the  valley  we  made  three  excavations,  at  24,  40,  and 
60  feet  above  the  brook.  They  all  showed  1  to  2  feet  of  top 
soil,  under  which  was  a  Boulder  Clay  composed  chiefly  of  locsd 
material,  but  with  many  erratics.  The  material,  as  a  whole,  was 
quite  different  from  anything  that  we  found  in  the  caves.  In  each 
case  this  rested  directly  on  the  rock.  The  highest  of  the  three 
excavations  struck  the  vertical  face  of  the  limestone,  and  in  the 
lowest  comers  there  appeared  to  be  fewer  erratics  than  above,  but 
I  could  not  distinguish  two  separate  beds. 

We  also  made  a  new  shaft  in  the  floor  of  Ffynnon  Beuno  Gave, 
near  the  position  marked  as  section  2,  in  the  plan  given  by 
Dr.  Hicks  in  his  paper  on  that  cave,  which  was  read  before  the 
Society,  and  published  in  this  Journal.*  The  following  is  Dr.  Hicks  s 
description  of  the  section: — 'The  surface -loam  (1),  about  1  foot 
in  thickness,  contained  a  few  bones  of  sheep,  etc.  .  .  .  Under  about 
6  inches  of  a  breccia  (2)  made  up  of  angular  fragments  of  lime- 
stone, the  reddish  cave-earth  (3)  containing  the  remains  was 
found.  .  .  .  Under  the  reddish  cave-earth  was  found  a  yellowish 
band,  not  stalagmitic,  but  yet  more  coherent  than  the  cave-earth,  and 
seeming,  from  its  appearance,  to  indicate  that  it  had  been  the  floor 
of  the  den.  Under  this  was  a  gravelly  material  (4)  made  up 
mainly  of  fragments  derived  from  the  hills  above,  and  containing 
no  bones.' 

This  gravel  Dr.  Hicks  only  tested  at  intervals,  but  did  not 
remove.  When  we  examined  an  undisturbed  place,  we  found  that 
the  yellow-clay  layers  were  very  similar  to  those  in  the  Eastern 
Cave,  except  that  there  was  no  continued  lamination,  but  the 
whole  mass  crumbled  into  small  flakes.  The  gravel  was  much  like 
our  sandy  gravel,  but  without  pieces  of  stalagmite. 

»  Vol.  xlii  (1886)  p.  5.  fig.  2,  &  pp.  6, 7. 

x2 
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V.  CoNCLusioys. 

Our  ezoarationB  have  not  as  yet  provided  ns  with  certain  evidence 
on  many  of  the  qneetions  that  have  been  raised  by  the  cave- 
explorations  of  the  Vale  of  Clwyd.  ITiree  points  are,  however 
clearly  established : — 

1.  The  material  in  the  Ty  Newydd  Caves,  and  in  the  lower  part  of 
Pfynnon  Beuno  and  Cae  Gwyn  is  of  purely  local  origin.  Of  this 
we  can  speak  with  confidence,  as  the  question  was  before  us  from 
the  beginning ;  we  have,  therefore,  examined  all  the  gravels  with 
minute  care,  and  all  stones  of  whose  origin  we  did  not  feel  certain 
were  forwarded  to  Dr.  Hicks. 

2.  This  local  deposit  is  of  earlier  date  than  the  Boulder  Clay 
with  western  and  northern  erratics.  This  was  sufficiently  proved 
by  the  occurrence  of  the  granites  and  felsites  on  the  hillside  at  a 
much  higher  level  than  the  caves.  All  doubt  on  the  subject  is, 
however,  now  removed  by  our  having  found  the  two  beds  actually 
superimposed  in  the  second  vertical  shaft. 

3.  The  occurrence  of  the  rhinoceros-tooth  shows  that  there  was 
a  land-surface,  and  a  climate  capable  of  supporting  such  large 
mammalia,  either  before  or  during  the  period  when  the  cave  was 
being  filled. 

EXPLANATION  OP  PLATE  VIH. 

Ix)ngitudiiiftl  aectioii  of  Weetern  CaTO,  Ty  Newydd,  on  the  scale  of  about 
9  feet  to  1  inch. 

Discussion. 

The  President  said  that,  having  visited  the  cave  during  the 
explorations,  he  could  bear  testimony  to  the  unusual  care  and 
assiduity  with  which  the  work  had  been  conducted.  The  material 
as  it  was  being  removed  was  most  carefully  examined,  and  measured 
sections  were  constantly  taken.  After  the  disturbed  material  at  the 
entrance  had  been  removed,  it  was  found  that  the  deposits,  in  a 
more  or  less  stratified  condition,  extended  inwards,  and  that  the 
various  bands  could  be  distinguished  throughout  The  most 
important  fact,  however,  was  the  finding  that  the  deposit  in  the 
cavern,  which  was  entirely  of  local  origin,  was  overlain  in  one  of 
the  fissures  by  a  drift  consisting  mainly  of  Western  and  Northern 
erratics.  The  cavern  was  undoubtedly  in  existence  and  had  been 
filled  with  the  deposit  before  the  ice  from  the  Snowdonian  district, 
or  from  the  North,  had  reached  this  area.  Mr.  Strahan,  in  his 
excellent  memoirs  on  this  area,  had  pointed  out  the  boundaries 
where  the  Western  and  Northern  drifts  commingled,  aud  had  shown 
that  it  was  impossible  to  make  any  important  subdivisions  in  them. 
The  results  now  obtained  confirmed  the  views  held  by  the  speaker 
with  regard  to  the  deposits  in  the  Ffynnon  Beuno  aud  Cae  Gwyn 
Caves,  and  the  time  of  their  occupation  by  the  animals  and  by  man. 
He  hoped  that  the  Author  and  his  friends  at  St.  Beuno's  College 
would  continue  their  excellent  work,  and  that  funds  would  again  be 
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granted  to  enable  ibem  to  complete  the  exploration.  Meanwhile 
he  heartily  congratulated  them  on  the  valaable  results  already 
obtained* 

Sir  Henbt  Howobth  said  that  the  facts  and  conclusions  of  the 
paper  completely  supported  the  view  for  which  some  geologists  had 
fought  for  many  years,  namely,  that  the  so-called  Glacial  JDrifb  lies 
over  the  beds  containing  the  so-called  Pleistocene  beasts  and  Palaeo- 
lithic man,  and  not  below  it.  One  additional  fact  in  support  of  this 
view  occurred  to  him.  The  contents  of  the  cave  pointed  very  clearly 
to  the  waters  which  conveyed  them  in  having  been  of  a  torrential 
character.  This  was  shown  by  the  size  of  the  stones,  by  the  shifted 
beds  of  clay,  sand,  and  gravel  with  cross-bedding,  etc.  If  the  drift 
with  foreign  stones,  which  occupies  the  bottom  of  the  valley  and  the 
hill-tops,  occupied  the  country  when  the  torrential  water  flowed  over 
it  and  carried  its  contents  into  the  cave,  it  was  impossible  to  believe 
that  some  of  these  foreign  stones  should  not  have  found  their  way  in 
too.  The  complete  absence  of  these  foreign  stones  from  the  contents 
of  the  cave  seemed  to  him  to  be  conclusive  that  the  drift  with  foreign 
stones  was  distributed  over  North  Wales  after  the  cave  was  filled 
with  its  stratified  contents. 

Mr.  Clement  Reid  thought  that  the  Author  had  conclusively 
proved  that  the  in-filling  of  the  cave  took  place  before  the  last 
glaciation  of  the  district.  He  was  not  prepared  to  accept  the  cave- 
deposits  as  pre-Gladal,  as  suggested  by  the  President,  for  the  Cae 
Gw}'n  fauna  is  thoroughly  Pleistocene. 

Mr.  Strahak  remarked  that  the  district  abounded  in  underground 
water-channels  communicating  with  the  surface  by  swallow-holes 
and  other  openings.  The  cave  described  by  the  Author  seemed  to 
be  such  a  channel,  filled  with  torrential  gravel  and  sand,  in  which 
the  fragment  of  tooth  occurred  as  a  pebble.  That  it  was  so  filled 
in  pre-Glacial  times  was  proved  by  the  total  absence  of  material 
foreign  to  the  district.  An  inter-Glacial  episode  would  not  explain 
the  circumstances ;  the  contents  of  the  cave  must  have  been  formed 
before  any  of  the  drift  with  erratics,  which  is  now  so  abundant, 
reached  the  neighbourhood.  He  complimented  the  Author  on  the 
extreme  care  with  which  the  investigation  was  being  conducted. 

Mr.  Make  pointed  out  that  the  deposit  of  materials  yielding 
a  definite  fauna  in  caverns  before  the  last  glaciation  of  North  Wales 
and  the  North  of  England  seemed  now  to  be  satisfactorily  established : 
as  the  result  of  the  work  by  Mr.  Tiddeman  in  Victoria  Cave,  Settle ; 
by  the  President  in  the  caverns  adjoining  those  described  in  this 
paper;  and  now  by  the  Author  of  the  paper  just  read.  The 
evidence  was  cumulative ;  but  he  (the  speaker)  believed  that,  had 
the  question  of  the  age  of  man  been  left  out  of  account,  the  evidence 
long  ago  brought  forward  by  Mr.  Tiddeman  would  have  been 
generaUy  accepted. 

Mr.  A.  E.  Salter  was  interested  to  find  that  the  lower  and  older 
gravels  of  the  fissure  consisted  of  local  material  only,  and  that  above 
them  a  drift  occurred  containing  far-travelled  erratics,  because  he 
found  the  same  occurrence  in  the  South  of  England.  In  the  Thames 
Valley,  for  instance,  the  oldest  gravels,  as  at  Shooter's  Hill,  are 
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purely  local,  while  those  of  later  age  contain  Glacial  materials.    He 
had  observed  a  similar  succession  in  Devon  and  Dorset. 

The  AuTHOB,  in  reply,  expressed  his  gratitude  for  the  kind^ 
reception  which  had  been  given  to  his  paper.  He  had  no  theories 
to  defend,  but  had  endeavoured  to  put  the  simple  facts  before  the 
meeting  and  to  let  these  tell  their  own  tale.  He  had  spoken  of 
Pleistocene  mammalia,  because  the  fossil  found  was  in  the  same 
state  of  preservation  as  those  in  the  Ffjrnnon  Beuno  Caves,  which 
are  generally  called  Pleistocene.  In  answer  to  Mr.  Reid,  he  said 
that  stones  of  Denbighshire  Qrit  of  a  fair  size  occur  throughout  the 
cave.  The  main  point  established  was  the  occurrence  of  a  local 
drift  which  contained  fossils,  and  was  earlier  than  the  drift  with 
erratics. 
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9.  The  Bala  Bros  and  Assooiatbd  Igitbdits   Rocks  of   Llubky 

IsLAivD,  Co.  DuBLiir.     By  C.  I.  Gardiner,  Esq.,  M.A..,  F.G.S., 

and  S.  H.  Ebtitolbs,  Esq.,  M.A.,  F.G.S.     (Read  December  Ist, 

1897.) 

[Platb  IX— Map.] 

CoKTBlfTS. 

Page 

I.  Introduction  13i 

n.  The  Sedimentary  Bocks 13^ 

ni.  The  Igneous  Eooka 140 

(a)  The  Fragmental  Bocks    140 

(6)  The  Andesitio  Bocks    142 
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IV.  Condusions 147 

I.  LiTBODUCnoH. 

Lam  BAT  IsLAKD  lies  off  the  East  Coast  of  Ireland,  some  10  miles 
north  of  Dublin,  the  nearest  point  on  the  mainland  being  in  the 
diatriot  of  Portraine,  where  there  occars  an  inlier  of  B^a  rocks 
which  we  have  already  described.^ 

The  name  of  Lambay  is  probably  familiar  to  geologists  from  the 
occarrenoe  there  of  the  '  Lambay  porphyry,'  a  very  handsome  and 
striking  rock,  described  in  detail  by  Von  Lasaolx '  and  mentioned 
in  many  geological  and  petrologioal  works.* 

It  was  with  the  intention  of  investigating  the  occurrence  of 
this  rock  in  the  field,  and  at  the  same  time  of  seeing  whether  the 
other  rocks  exposed  on  the  island  were  of  a  similar  nature  to  those 
at  Portraine,  that  we  visited  the  island. 

The  only  detailed  account  of  the  geology  of  Lambay  appears  to 
be  in  the  explanatory  memoir  to  Sheet  102  of  the  Geological  Map 
of  Ireland,  published  in  1861.  Homogeneous  and  porphyritic  trap- 
rocks  are  mentioned,  catching  up  in  places  masses  of  slates  and  grits 
which  they  have  baked  and  hardened.  Ashes  were  also  found, 
while  limestone  and  graptolitic  shales  gave  evidence  that  some 
of  the  rocks  of  the  island  were  of  Bala  age. 

On  looking  at  the  map  of  the  island  it  will  be  seen  that  a 
large  part  of  it  is  drift-covered,  but  from  the  exposures  which 
occur  it  is  obvious  that  the  greater  part  of  Lambay  is  formed  of 
igneous  rocks,  the  sedimentaries  occurring  in  detached  masses  of 
no  very  great  extent,  and,  except  in  the  case  of  the  limestone,  they 
yield  little  fossil  evidence  from  which  their  age  can  be  determined. 
It  will  be  most  convenient  to  describe  first  the  sedimentary  and 
then  the  igneous  rocks. 

1  Quart.  Joum.  Geol.  Soo.  vol.  liii  (1897)  p.  520. 

*  Tscherm.  Blin.  u.  Petroffr.  Mitth.  vol.  i  (1878)  p.  419. 

*  See,  amone  others,  TeaU's  *  Brit.  Petrogr.'  1888.  p.  248  ;  Barker  t  '  PetroL 
for  Stttdenta,'  1895,  p.  106. 
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II.  Tmt  Sebimsntabt  Rocks. 

At  the  Dorth-westem  corner  of  the  island,  in  Saltpan  Bay,  is  an 
exposure  of  brown  fissile  slates,  faulted,  along  its  western  edge, 
against  an  andesite,  but  apparently  overlain  conformably  to  the 
east  by  igneous  rocks ;  for  though  at  this  junction,  which  can  be 
seen  at  sea-level,  near  Calico  Hole,  the  slates  appear  somewhat 
crushed,  the  line  cannot  be  taken  as  a  fault. 

Exactly  similar  slates  are  to  be  seen  in  the  road  north  of  the 
Castle,  about  j  mile  south-west  of  Saltpan  Bay,  and,  though  the 
intervening  country  is  drift-covered,  it  is  probable  that  the  two  sets 
of  exposures  are  in  the  same  bed  of  slate,  as  is  suggested  in  the 
Survey  Memoir  (p.  49). 

Similar  slates  are  exposed  in  Broad  Bay,  the  next  bay  to  the 
west  of  Saltpan  Bay,  and  they  run  across  the  inner  end  of  Scotch 
Point,  being  seen  on  its  western  side.  The  ashes  forming  Scotch 
Point  underlie  these  slates  conformably. 

No  other  sedimentary  rocks  are  to  be  seen  on  the  western  coast  of 
the  island,  but  on  the  south-western  side,  in  Talbot's  Bay,  patches  of 
green  and  red  slates  occur,  several  yards  in  length  and  breadth, 
entirely  surrounded  by  the  dark  green  andesite  which  here  forms 
the  coast.  In  places  these  slates  are  baked  by  the  igneous  rock, 
and  at  one  spot  they  contained  Orthis  biforata.  Bands  of  grit  and 
tuff  occur  with  the  slates,  the  tuff-bands  containing  fragments 
of  grit,  slate,  and  ash. 

The  middle  of  Talbot's  Bay  is  cut  out  in  black  and  green  slates 
showing  much  contortion  and  containing  bands  of  purplish  grit. 
These  beds  are  so  utterly  unlike  the  brown  slates  exposed  in 
Saltpan  Bay  and  near  the  Castle  that  we  cannot  fall  in  with  the 
suggestion  in  the  Survey  Memoir  that  they  are  *  evidently  a  portion 
of  the  same  Silurian  slates.' 

The  Talbot's  Bay  slates  are,  however,  extremely  like  those 
exposed  in  Camoon  Bay  to  the  south-east,  the  coast  between  the 
two  bays  being  formed  of  a  coarse  tuff  or  agglomerate.  The 
Camoon  Bay  fdates  are  black  and  purple  in  colour,  and  contain 
a  tuff-band  somewhat  similar  to  that  which  occurs  in  Talbot's  Bay. 

To  the  south  many  small  patches  of  red  and  green  slates  and 
fine  ashes  are  exposed,  caught  up  in  the  andesite,  which  here  forms 
the  coast-line,  the  smaller  inclusions  being  baked  and  porcelainized, 
the  larger  ones  showing  no  signs  of  alteration. 

The  largest  and  most  important  mass  of  sedimentary  rocks  that 
occurs  in  the  island  forms  the  summit  of  Heath  HiU,  and  occupies 
the  shore-line  from  Kiln  Point  to  Seal  Hole. 

To  the  north-east  these  rocks  are  bounded  by  a  fault,  which  can 
be  seen  at  the  top  of  the  cliff  on  the  northern  side  of  Seal  Hole. 
At  Kiln  Point,  to  the  south,  the  junction  is  seen  to  be  an  unfaulted 
one,  the  limestone  overlying  the  igneous  rock,  and  here  the  former 
rock  shows  evidence  of  alteration  by  the  andesite.  This  alteration 
Js  visible  both  in  a  hand-specimen  and  under  the  microscope,  the 
limestone  becoming  thoroughly  crystalline  and  the  shaly  partings 
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poroelainized,  while  the 
igneous  rock  becomes  much 
more  finely  granular. 

The  corals,  chiefly  Favosites 
sp.,  which  are  found  in  the 
limestone  are  not  obliterated 
by  the  alteration  in  it,  but 
are  to  be  seen  to  within  an 
inch  or  two  of  the  igneous 
rock.  From  this  limestone 
we  also  obtained  UalyaiUs 
eaUnvlaria^  Linn. 

The  limestone  is  covered 
by  a  conglomerate  formed  of 
large  and  small  blocks,  the 
larger  of  which  sometimes 
reach  6  feet  in  diameter  and 
are  usually  rounded,  while  the 
smaller  blocks  are  frequently 
angular. 

The  matrix  is  sometimes 
calcareous  and  contains  small, 
perfectly  -  preserved  corals, 
but  is  more  usually  a  black 
shale  in  which  small  angular 
fragments  of  rocks  are  irregu- 
larly scattered,  so  that  it 
resembles  an  ash  in  appear- 
ance. The  included  blocks 
are  usually  of  limestone,  very 
often  fossiliferous  (Favosites 
sp.,  Halysites  catentdaria^ 
Linn.,  HelioliUs  megastoma^ 
M'Coy  ?,  and  Eafinesquina 
expansa^  Sow.,  small  var., 
having  been  obtained),  and 
of  andesite;  but  blocks  of 
black  earthy  shale,  green 
slate,  grit,  conglomerate,  cal- 
careous ash,  and  coarse  por- 
phyrite  also  occur. 

A  section  of  this  rock 
showed  fragments  of  various 
andesit^s,  one  a  rock  formed 
of  parallel  acicular  felspars 
in  a  much  altered  matrix, 
another  a  fresh  mica-andesite, 
a  third  a  vesicular  andesite, 
all  embedded  in  a  matrix 
formed  of  fragments  of  crys- 
tals, quartz,  and  iron-ores. 
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The  conglomerate  shows  signs  of  faulting  and  is  covered  by  slates 
and  impure  limestones,  which,  as  will  be  seen  firom  the  map  (PI.  IX), 
form  the  whole  of  Heath  Hill.  The  dip  of  these  beds  is  about 
60°-50°  S.S.W.  at  various  points  of  the  hill.  From  them 
we  obtained  Calymene  sp.  ;  Illcenus  sp.  ? ;  Bemopleurides  sp. ; 
TrinucUia  sp. ;  Tiresias  sp.* 

Just  above  Seal  Hole,  on  the  north  side  of  the  hill,  a  small  plug 
of  coarse  porphyrite  is  seen  cutting  into  the  slates,  which  do  not 
appear  much  altered  by  its  intrusion.  The  occurrence  of  this  rook  here 
is  noted  in  the  Survey  Memoir  (pp.  48,  49),  where  it  is  represented 

Fig.  2. — Conglomerate  from  Kiln  Point, 


Xl8. 

[The  section  shows  a  fragment  of  a  mica-andesite  on  the  right,  and  on  the 
left  the  matrix  of  the  conglomerate,  in  which  small  quartz-fragments  and 
pieces  of  felspar  and  felspathic  rocks  are  found.] 

in  the  section  given  as  a  mass  resting  on  slates  and  covered  by 
no  deposit,  and  it  is  supposed  to  be  a  remnant  of  a  mass  which 
'entirely  embedded  the  conglomerate  and  shales.'  As,  however, 
the  mass  of  igneous  rock  is  entirely  covered  and  surrounded  by 
slates,  it  appears  to  us  to  be  of  the  nature  of  an  intrusion. 

At  Eaven's  Well,  on  the  north  side  of  the  little  valley  leading 
down  to  Seal  Hole,  brown  and  grey  slates,  sometimes  of  a  very  ashy 
nature,  are  seen  dipping  at  60°  S.S.W.,  and  the  faulted  junction  of 

'  These,  and  the  other  fossils  which  we  obtained  from  the  island,  have  been 
identified  for  us  bj  Mr.  F.  K  Cowper  Beed,  MA.,  F.G.S.  A  hst  of  fossils  found 
on  Lambaj  Island  is  given  in  the  Survej  Memoir,  pp.  11  &  12. 
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these  beds  with  the  andesites  is  seen,  as  mentioned  above,  in  the 
cli£f  on  the  north  side  of  Seal  Hole. 

The  coarse  conglomerate  is  visible  at  sea-level,  a  little  way  to  the 
north-east  of  this  fault-line,  and  also  at  the  top  of  the  cliff  along 
the  coast  dae  east  of  the  BeU  Rock.^ 

With  the  occurrence  of  a  thrust-conglomerate  on  the  mainland 
immediately  opposite  at  Portraine,  the  question  of  the  origin  of  the 
Lambay  Conglomerate  is  one  which  naturally  arises.  That  earth^ 
movements  have  affected  the  conglomerate  and  the  limestone-bands  at 
Kiln  Point  is  obvious  from  the  faults  in  the  former  and  the  curvature 
of  the  latter  which  are  to  be  seen  there ;  but  the  junction  of  the 
conglomerate  and  the  igneous  rocks  never  has  the  appearance  of  a 
thrust-plane.  The  limestone,  which  is  altered  by  its  contact  with 
the  igneous  rock,  is  bent,  and  the  conglomerate  is  faulted  against 
it ;  there  is  no  resemblance,  however,  between  the  crushed  material 
along  the  fault-line  and  the  gradual  formation  of  the  conglomerate 
at  Portraine. 

The  beds  immediately  above  the  conglomerate  are  not  seen,  but 
a  very  short  distance  up  the  hill-side  occurs  a  fine  conglomerate  of 
well-rounded  pebbles  of  limestone  and  andesite  sometimes  an  inch 
long,  in  a  calcareous  matrix,  and  this  is  covered  by  the  slates  of> 
Heath  Hill.  None  of  these  show  any  such  crumpling  as  might  be 
expected  if  the  mass  had  been  thrust  over  the  underlying  igneous  rocks, 
and  the  limestone  at  its  base  had  been  crushed  and  broken  up  into 
the  conglomerate.  At  Portraine  the  tough  grits  which  have  been 
thrust  over  the  underlying  limestones  are  very  obviously  curved,  and 
similar,  if  not  more  pronounced,  curvature  might  be  expected  in  the 
Heath  Hill  slates  had  they  been  acted  on  by  similar  forces,  as  they 
would  have  been  more  readily  affected.  The  occurrence  of  the  fine 
conglomeratic  bands  above  the  coarse  bed  also  points  to  the  latter 
being  an  ordinary  conglomerate,  for  if  it  had  been  laid  down 
close  to  the  shore  (as  appears  probahle  from  the  size  and  angularity 
of  its  blocks)  when  the  shore-line  had  increased  its  distance  from 
this  spot,  we  should  expect  the  materials  brought  thither  to  be 
smaller  and  better  rounded. 

The  constituents  of  the  coarse  conglomerate  have  been  men- 
tioned already,  and  among  them,  it  will  be  seen,  are  lumps  of  black 
earthy  shale.  These  contain  obscure  traces  of  graptolitee,  and  are 
absolutely  uncrushed ;  but  if  the  conglomerate  were  formed  by  earth- 
movements,  which  had  broken  up  hard  limestone-bands  and  mixed 
their  fragments  up  with  pieces  of  igneous  and  other  rocks,  it  would 
be  imagined  that  blocks  of  such  a  soft  nature  as  these  black  shales 
would  have  shown  some  signs  of  the  stresses  to  which  they  must  have 
been  subjected. 

The  matrix  of  the  conglomerate  shows  no  signs  of  orushiog  either 
in  the  field  or  under  the  microscope,  but  appears  to  be  of  a  somewhat 

*  Od  the  very  top  of  Heath  Hill  occur  a  large  number  of  well-rounded  blocks 
of  ▼arioue«  rockis  gneiss,  quartiite,  felstone,  andesite,  fossiliferous  limestone, 
grit,  ete. ;  but  this  deposit  does  not  in  any  way  resemble  the  Kiln  Point  Oonglo- 
nmUt  and  is  Tery  probably  a  Qlaoial  drift. 
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ashy  type.  Small  detached  corals  occur  here  and  there  throughont 
the  rock. 

It  appears,  therefore,  that  this  conglomerate  is  not  a  thrust- 
conglomerat.e,  but  resembles  rather  the  ashy  conglomerate  of  the 
northern  end  of  the  Portraine  section.  They  both  have  an  ashy 
matrix,  and  both  contain  blocks  of  much  the  same  nature.  The 
limestone-blocks  on  Lambay  Island  are  more  fossiliferous  than 
those  at  Portraine,  and  are  shown  to  be  of  the  same  age  as  the  Bala 
Limestone  of  the  mainland. 

The  bed  is  a  fairly  coarse  deposit,  and,  though  many  of  the  blocks 
are  well  rounded,  one  occasionally  meets  with  corals  (not  attached 
to  any  piece  of  rock)  in  a  comparatively  fresh  condition,  and  with 
angular  blocks.  This  points  to  the  derivation  of  some  of  the 
material  from  close  at  baud,  but  some  of  the  blocks  may  have  been 
rounded  on  land  and  then  not  moved  far  from  the  shore  beiore  being 
finally  entombed. 

Summary  of  the  Sedimentary  Rocks. 

The  sedimentary  rocks  of  Lambay  Island  are  therefore  seen  to  be 
chiefly  of  the  nature  of  slates  and  limestones,  and  to  be  contempo- 
raneous with  some  of  the  igneous  rocks  of  the  island.  On  the 
north-west  the  slates  have  yielded  no  palaeontological  evidence  of  their 
age,  while  but  little  is  forthcoming  from  those  on  the  south-western 
side.  All  these  slates  occur  in  the  neighbourhood  of  deposits  of  ashes 
or  tuffs,  and  may  have  been  laid  down  during  intervals  of  comparative 
quiescence,  when  the  neighbouring  volcano  was  inactive  or  pouring 
out  its  lava  in  other  directions,  while  the  ordinary  agents  of  denu- 
dation were  cutting  down  its  cone  and  distributing  the  fragments 
thereof  to  a  distance.  That  advancing  streams  of  lava  occasionally 
caught  up  some  of  the  mud  from  the  sea-floor  and  baked  it  appears 
from  the  red  shales  of  Camoon  Bay,  while  the  intrusion  of  coarse 
porphyry  on  Heath  Hill  into  the  slates  shows  that  igneous  activity 
had  not  ceased  after  the  deposition  of  those  beds,  the  baking  of  the 
limestone  at  Kiln  Point  leading  the  observer  to  the  same  conclusion. 

III.  The  Igneous  B.ocks. 

These  may  be  divided  for  purposes  of  description  into  (a)  the 
fragmental  rocks,  (6)  tbe  andesitio  rocks,  and  (e)  the  coarse  por- 
phyrit-e. 

(a)  The  Fragmental  Rocks. 

These  consist  of  rocks  of  every  degree  of  coarseness,  from  fine 
ashes  to  coarse  tuffs.  There  are  two  localities  where  they  occur  over 
areas  of  large  extent,  namely  at  Scotch  Point  and  along  the  coast 
between  Talbot's  Bay  and  Camoon  Bay.  Between  the  Castle  and 
Broad  Bay  there  occur  several  exposures  in  a  tuff-band  which  runs 
roughly  north  and  south,  while  small  exposures  of  ashes  associated 
with  the  igneous  rocks  occur  here  and  there  throughout  the  island. 
Such  are  the  bed  between  Knockbane  and  Calico  Hole,  and  the  patch 
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between  Trinity  Well  and  Raven's  Rock,  these  beds  appearing  to 
have  been  dae  to  small  outbnrsts  which  scattered  fragments  of 
pnmioeons  and  compact  andesitic  rocks  over  the  top  of  the  lava- 
flows  at  various  points. 

The  Scotch  Point  ashes  are  of  medium  grain,  and  in  a  hand- 
specimen  show  rounded  and  subangular  fragments  of  andesitic 
rocks,  dark-  and  light-green  in  colour.  A  microscope-section  shows 
angular  and  rounded  fragments  of  felspathic  rocks  in  which  all  the 
felspars  are  replaced  by  calcite,  and  many  of  the  fragments  are 
exceedingly  vesicular.  In  many  places  blocks  of  coarse  porphyrite  are 
to  be  seen,  often  very  amygdaloidal  and  probably  of  the  nature 
of  volcanic  bombs,  while  dykes  of  a  similar  coarse  rock  are  seen 
cutting  the  ashes  here  and  tiiere. 

The  other  large  patch  of  ground  in  this  corner  of  the  island 
occupied  by  pyrodastic  rocks  is  between  the  Castle  and  Broad 
Bay.  It  is  separated  from  the  Scotch  Point  ashes  by  a  mass  of  coarse 
porphyrite,  a  drift-covered  region,  and  the  outcrop  of  slates  men- 
tioned above  (p.  136).  Here  the  ash-bed  rests  on  what  is  apparently 
an  andesite  containing  large  rounded  blocks  of  amygdaloidal  coarse 
porphyrite ;  this,  in  its  turn,  is  underlain  by  a  band  of  coarse  por- 
phyrite, which  can  be  traced  for  some  300  yards  in  a  north-and-south 
diroction.  But  the  microscope  shows  that  the  supposed  andesite  is 
really  andesitic  ash,  and  at  the  northern  end  of  the  exposure 
occur  well-marked  bands  of  fine  ash,  striking  roughly  south-west  and 
dipping  at  about  80°  S.E. 

The  occurrence  in  these  ash-beds  of  bomb-like  portions  of  coarse 
porph3rrite  points  to  the  near  presence  during  their  formation  of  the 
coarse  rock  in  the  liquid  state,  and  we  may  well  imagine  a  series 
of  explosions  drilling  a  hole  through  the  andesitic  flows  and  forming 
a  passage  for  the  uprise  of  the  porphyrite:  the  ash-beds  being 
chiefly  formed  of  fragments  of  the  shattered  andesites,  but  including 
portions  of  the  uprising  rock  which  were  blown  out  from  it  at 
intervals. 

On  the  south-western  coast  of  the  island,  between  Talbot's  Bay 
and  Camoon  Bay,  is  exposed  a  fairly-  coarse  tuff  or  agglomerate, 
numerous  exposures  of  the  same  rock  being  found  for  some  distance 
inland.  It  ends  off  against  much-crumpled  slates  in  Talbot's  Bay, 
the  actual  junction  being  a  faulted  one,  while  in  Carnoon  Bay  a 
few  finer  tuffs  and  slates,  dipping  east  at  a  high  angle,  intervene 
between  the  coarse  tuff  and  the  crumpled  slates.  The  coarse  bed  is 
largely  composed  of  rounded  and  angular  blocks  of  slate  and  fine 
andesite,  but  blocks  of  coarse  porphyrite  also  occur,  generally 
rounded  and  very  amygdaloidal.  This  mass  of  agglomerate  may 
very  possibly  mark  the  spot  where  a  volcanic  neck  was  drilled 
through  the  sea-floor  which  was  formed  of  the  slates  of  Talbot*s  Bay 
and  Camoon  Bay. 

Owing  to  insufficient  exposures,  it  is  difficult  to  say  decidedly 
whether  these  three  masses  of  ash  and  tuff  are  to  be  regarded  as 
marking  the  positions  of  old  vents,  or  as  being  merely  beds  of  ashes 
formed  by  the  scattering  over  the  sea-floor  of  fragments  which  were 
shot  out  from  some  vent  in  the  vicinity. 
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(A)  The  Andesitic  Rocks. 

Ab  will  be  seen  by  reference  to  the  map  (PL  IX),  much  the  greater 
part  of  the  island  is  formed  of  rocks  of  an  andesitic  nature.  In  a 
hand- specimen  some  of  them  show  small  porphyritio  felspars,  and 
some  are  diffioalt  to  class,  as  they  appear  to  be  intermediate  between 
the  andesites  and  the  coarse  porphyrite. 

At  certain  spots  the  andesites  include  angular  blocks  of  igneous 
rock,  sometimes  in  large  numbers,  as  on  Lambay  Head  and  in  the 
cliffs  at  th^  mouth  of  Thomchase  Valley ;  while  at  other  spots  fine 
and  coarse  breccias  occur  among  them,  as  above  Freshwater  Bay  near 
Gillap.  The  inclusions  in  the  rock  at  the  mouth  of  Thornchase 
Valley  are  noted  in  the  Survey  Memoir. 

The  andesites  as  a  rule  show  no  augites,  but  examples  of 
augite-andesite  occur.  The  rock  at  Kiln  Point  is  a  hypersthene- 
andesite,  the  hypersthene  being  now  replaced  by  bastite.  One  of 
the  inclusions  in  the  andesite  at  Carrickdorrish  shows  numerous 
porphyritic  crystals ;  these  cannot  be  determined  with  certainty, 
owing  to  the  alteration  which  has  gone  on,  but  they  are  very 
probably  altered  olivines.  Some  of  the  inclusions  at  the  mouth  of 
Thomchase  Valley  show  augites,  though  the  enclosing  rock  does, not 
appear  to  have  any. 

As  shown  in  the  map,  the  chief  exposures  of  augite-andesite  are 
close  to  the  top  of  Knockbane,  dose  to  Baven's  Bock,  west  of  Fliut 
Rock,  and  on  Lambay  Head. 

The  Lambay  Head  augite-andesite  is  a  very  well-marked  rock 
mnning  along  the  crest  of  the  Head  towards  Pilot's  Hill,  its  large 
augites  being  readily  seen  on  its  weathered  surfaces.  In  a  hand- 
specimen  this  rock  shows  a  dark  green,  somewhat  horny-looking 
groundmass,  in  which  small  felspars  are  sparingly  scattered  and 
large  porphyritic  augites  occur,  the  largest  one  seen  measuring 
9  mm.  in  length.  A  microscope-section  of  this  rock  shows  a  fairly 
prominent,  highly  altered  groundmass,  in  which  are  many  short, 
broad  felspars,  now  entirely  Replaced.  The  porphyritic  felspars  are 
also  entirely  converted  into  a  quartz-mosaic,  but  the  porphyritio 
augites  are  very  fresh,  and  occur  in  granular  aggregations ;  mag- 
netite is  present,  while  chlorite  and  epidote  have  come  in  as  secondary 
minerals. 

The  augite-andesite  which  occurs  close  to  the  top  of  Knockbane 
has  a  fine,  compact,  somewhat  horny  groundmass,  purple  in  colour, 
containing  numerous  ill-defined  patches  of  a  green  colour  (generally 
rounded  in  outline),  and  small  black  patches  are  also  to  be  seen. 
The  microscope  shows  the  groundmass  to  be  now  formed  of  secondary 
minerals,  quartz,  iron-ores,  and  calcite,  while  the  porphyritic 
felspars  which  it  contains  are  also  entirely  altered.  Augites  are 
Represented  by  a  brown  decomposition- product,  which  here  and  there 
encloses  cores  of  the  original  undecomposed  mineral. 

Running  east-south-east  from  the  steep  cliff  known  as  Raven's 
Roek,  and  traceable  for  some  350  yards,  is  a  third  well-marked 
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band  of  augite-andesite.  The  rock,  when  fresh,  is  of  a  dark-green 
colour ;  small  green  felspars  are  with  difficulty  to  be  made  out,  the 
most  obvious  constituents  of  the  rock  being  large  black  augites, 
measuring  as  much  as  6  mm.  in  length,  and  showing  well- 
marked  cleayage;  the  groundmass  of  the  rock  is  fine-grained. 
The  microscope  shows  a  groundmass  of  felspar-miorolites,  augite- 
granules,  magnetite,  haematite,  and  chlorite ;  in  it  are  small  porphy- 
ritic  felspars,  now  entirely  replaced,  and  large  augites. 

Going  east- south-east  from  Say  en's  Bock,  the  last  exposure  of 
this  augite-andesite  is  close  by  a  wall  running  north  and  south, 
after  which  no  exposures  are  to  be  seen  for  some  distance.  Almost 
due  east  of  the  last  exposure,  however,  near  the  wall,  occurs  a  small 
area  of  exposures,  most  of  which  are  in  a  rock  with  a  fine  purple 
groundmass  containing  bright  yellow-green,  rather  small,  porphyritic 
felspars  and  large  black  augites,  sometimes  9  mm.  long.  Other 
exposures  are  in  a  green-and-purple  rock  with  a  fine-grained  ground- 
mass,  containing  a  few  smadl  porphyritic  felspars  and  numerous 
vesicles. 

About  450  yards  due  west  of  the  summit  of  Flint  Eock  occurs  a 
small  exposure  of  a  greenish  rock  with  a  fine  groundmass,  no 
distinctly  porphyritic  felspars,  but  with  large  black  augites,  some- 
times 7  mm.  long.  This  rock  resembles  markedly  the  augite- 
andesites  of  Lambay  Head  and  Kaven's  Eock ;  but,  as  the  ground 
between  Flint  Kook  and  Enockbane  is  much  covered  with  drift,  it  is 
impossible  to  tell  whether  there  is  any  extensive  occurrence  of  the 
rock  between  the  two  hills. 

Though  augites  occur  in  some  of  the  other  andesites,  they  are 
found  very  seldom,  and  the  above-mentioned  type  of  rock,  containing 
abundant  augites,  was  found  nowhere  else  on  itie  island. 

The  remaining  andesites  call  for  very  little  remark.  They  are 
generally  of  a  very  normal  type  of  fijie-grained  andesite ;  porphy- 
ritic constituents  are  rarely  visible  in  a  hand-specimen,  but  under 
the  microscope  they  are  all  seen  to  contain  porphyritic  plagioclase- 
felspars,  now  much  replaced,  and  frequently  the  twinning  is  wholly 
obliterated.  Flow-structure  is  to  be  seen  at  times  in  the  groundmass, 
which  is  composed  of  small  felspar-microlites  and  decomposition- 
products,  such  as  quartz,  calcite,  chlorite,  and  epidote,  while  either 
magnetite,  haematite,  or  ilmenite  is  generally  present.  A  far  from 
imcommon  porphyritic  constituent  of  these  rocks  is  apatit-e,  which 
occurs  in  the  usual  needles,  giving  straight  extinction,  while  bastite- 
pseudomorphs  after  hypersthene  occur  in  the  Kiln  Point  andesite. 

The  alteration  that  has  gone  on  in  these  rocks  is  very  great,  and  the 
resulting  formation  of  secondary  minerals  most  marked.  In  some 
cases  the  production  of  epidote  and  quartz  has  been  the  result 
following  on  the  destruction  of  the  porphyritic  felspars ;  in  other 
cases  calcite  has  come  in,  and  more  or  less  spherical  masses  of 
«alcite  occur  (see  fig.  3,  p.  144),  the  concentric  shells  of  calcite  being 
separated  by  shells  of  haematite,  while  in  other  cases  chlorite  occurs 
abundantly. 
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There  are  a  few  instances,  however,  where  the  groundmass 
shows  the  stracture  known  as  '  micropoikilitic'  Mr.  Alfred 
Harker,  in  his  paper  on  *  The  Gabhro  of  Carrock  Fell/  *  and  Mr.  F. 
R.  Gowper  Reed,  in  his  notes  on  *•  The  Geology  of  the  Country 
around  Fishguard,' '  notice  this  structure,  the  former  in  lavas 
metamorphosed  by  the  gabbro,  the  latter  in  felsites  which  he  con- 
siders metamorphosed.  In  the  last-named  paper  a  very  full  account 
of  previous  notices  of  this  structure,  which  seems  generally  to 
have  been  seen  in  felsitic  rocks,  is  given.  On  Lambay  Island,  how- 
ever, it  occurs  in  andesitio  rocks  and  in  the  coarse  porphyrite.  It  is 
to  be  seen  in  five  of  the  slides  which  we  have  had  out ;  three  of  these 

Fig.  3. —  Veeieular  andesite  from  Freshwater  Bay, 


Xl8. 

[The  rock  is  very  much  altered,  calcite  and  other  minerals  having  come  in  with 
the  alteration.  In  the  vesicles  the  calcite  ofben  assumes  a  spherical 
arrangement,  as  shown  in  the  figure,  the  spheres  of  calcite  being  separated 
bj  spherical  ehells  of  haematite.] 

are  from  andesites,  and  two  from  the  coarse  porphyrite.  Two  of  the 
slides  from  the  andesites  are  cut  from  rocks  close  to  the  junction 
with  the  limestone  at  Kiln  Point.  This  rock  in  a  hand-specimen  is 
seen  to  have  an  appearance  somewhat  difierent  from  that  of  the  usual 
fine  andesite  of  the  island,  being  more  compact  and  homy,  and 
the  sections  show  the  alteration  of  the  rhombic  pyroxene  which 
they  contain  and  of  the  groundmass,  the  small  felspars  in  which 
have  to  a  large  extent  disappeared,  ragged-edged  plates  of  quarts 
having  been  formed,  giving  rise  to  the  micropoikilitic  structure. 

1  Quart  Joum.  Geol.  Soc.  vol  1  (1894)  p.  811. 
»  Ibid.  vol.  li  (1896)  p.  149. 
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The  other  example  of  this  structure  in  a  fine  andesite  is  in  a 
rock  some  200  yards  south-west  of  Kiln  Point. 

In  these  three  slides,  though  the  alteration  of  the  groundmass 
has  gone  on  to  so  great  an  extent,  the  porphyritic  felspars  are 
remarkable  on  account  of  their  freshness. 

Here  and  there  the  andesites  are  amygdaloidal,  and  occasionally 
as  much  as  half  the  rock  consists  of  amygdules ;  this  is  especially 
well  seen  in  a  rock  obtained  from  a  spot  about  halfway  between 
Heath  Hill  and  Bishop's  Bay. 

The  inclusions  noted  as  occurring  at  the  mouth  of  Thorn  chase 
Valley  and  on  Lambay  Head  are  also  to  be  seen  along  the  cliffs 
between  Bishop's  Bay  and  Sank  Island  Bay,  and  on  Sunk  Island 
itself,  while  the  island  of  Carriokdorrish  also  shows  them  all  over 
its  surface.  They  were  very  possibly  blown  on  to  the  surface  of 
the  andesites,  and  gradually  incorporated  in  them,  or  they  may 
have  been  portions  of  the  rocks  which  formed  the  vents  through 
which  the  andesites  rose  to  the  surface. 


(c)  The  Coarse  Porphyrite. 

The  last  type  of  rock  remaining  for  description  is  the  coarsely 
porphyritic  rock,  well  known  as  the  'Lambay  porphyrv,*  and 
described  by  Von  Lasaulx  both  macro-  and  microscopically.^  This 
writer  mentions  that  it  has  been  described  as  an  amphibolite-green- 
stone,  as  a  quart^dess  orthoclase-porphyry,  and  as  a  diabase-porphyrj% 
and  pronounces  in  favour  of  the  last  name. 

Prom  the  map  (PI.  IX)  it  will  be  seen  that  the  coarse  rock  occurs  • 
in  very  many  places  on  the  island,  but  in  only  a  few  does  it  extend 
over  a  large  area,  the  rock  being  more  usually  found  in  small 
unconnected  patches. 

The  coarsest  variety  was  found  in  a  small  exposure  on  the  seaward 
face  of  the  point  forming  the  south-western  edge  of  Sunk  Island 
Bay.  Here  the  groundmass  is  green  in  colour  and  very  compact, 
whUe  large  green  platy  felspars,  sometimes  as  much  as  23  mm.  broad, 
are  present  in  great  abundance,*  showing  repeated  twinning.  Galcite 
occurs  in  little  rounded  masses,  possibly  filling  vesicles  or  replacing 
augites.  More  usually,  however,  the  porphyritic  felspars  are 
smaller ;  thus  in  the.  exposure  between  the  Coastguard  Station  and 
Scotch  Point  the  groundmass  is  also  green  and  compact,  but  the 
felspars  are  not  more  than  11  mm.  broad ;  here  augite  is  a  fairly 
abundant  porphyritic  mineral,  crystals  of  this  mineral  measuring  as 
much  as  6  mm.  in  length.  In  the  mass  occurring  round  Trinity  Well 
the  porphyrite  has  a  compact  purple  groundmass ;  the  porphyritic 
felspars  are  numerous,  and  run  up  to  12  mm.  in  length,  being  green 
and  platy  like  those  described  above.  Amygdules  are  fairly  common 
in  this  rock,  being  formed  of  calcite  or  of  calcite  and  chlorite. 

The  long  strip  of  coarse  rock  exposed  along  the  bai>e  of  the  hills 

*  Tsc'uenu.  Uhu  u.  Petrogr.  Mitth.  1878. 
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east  of  the  Cattle  is  of  the  same  type  as  the  mass  near  Trinity  Well, 
and  seems  to  be  intraded  along  the  junction  of  the  andesites  and 
slates. 

The  two  exposures  of  the  porphyrite,  one  of  which  forms  the 
conical  hill  at  the  south-western  end  of  Pilot's  Hill,  and  the  other 
Flint  Rock  and  part  of  Bell  Rock,  resemble  one  another  exactly. 
The  groundmass  is  more  prominent  than  in  most  of  the  coarse 
rocks,  and  of  a  grey-green  colour,  while  the  felspars  are  thinner 
than  the  usual  porphyritic  felspars ;  they  are  about  7  mm.  long, 
and  show  a  markedly  parallel  arrangement.  On  the  northern 
slopes  of  the  conical  hill,  mentioned  above  as  forming  the  south- 
western end  of  Pilot's  Hill,  the  coarse  rock  is  extremely  amygda- 
loidal.  The  amygdules,  formed  of  calcite,  weather  out  into  round 
masses,  sometimes  17  mm.  long,  and  occasionally  form  by  far  the 
largest  portion  of  the  rock.  This  very  amygdaloidal  porphyrite  is 
also  seen  on  the  northern  slopes  of  Flint  Rock. 

Another  peculiarity  of  the  coarse  rock  of  these  two  exposures  is 
the  presence  of  a  large  number  of  included  fragments.  These  are 
of  very  irregular  shapes,  angular  in  outline,  and  generally  blue  or 
purple  in  colour ;  they  are  consequently  very  obvious  in  the  faces 
of  rock  exposed.  They  vary  much  in  size,  the  largest  one  seen 
being  about  12  inches  long;  they  all  have  a  somewhat  striped 
appearance,  break  with  a  fairly  perfect  conchoidal  fracture,  and 
appear  somewhat  porcelainized.  In  fact,  they  look  like  baked 
ashes,  and  under  the  microscope  they  are  seen  to  be  fine  ashes 
which  have  undergone  considerable  alteration. 

The  base  of  the  mass  which  forms  part  of  Pilot's  Hill  was  seen  in 
the  cliff  just  above  sea-level;  it  was  slightly  amygdaloidal,  enclosed 
blocks  of  andesite,  and  rested  on  an  andesitic  breccia,  beneath 
which  came  a  red  amygdaloidal  andesite. 

It  appears,  therefore,  from  these  two  exposures  of  the  coarse  rock 
that  we  have  evidence  of  the  actual  outflow  of  the  porphyrite,  for 
we  can  see  the  brecciated  surface  of  the  underlying  andesite  in  the 
sea-cliffs,  the  slightly  amygdaloidal  base  of  the  porphyrite  (which 
caught  up  and  enclosed  portions  of  the  rock  beneath  it),  and  its 
extremely  amygdaloidal  nature  along  the  northern  slopes  of  the 
two  exposures,  while  the  closer  grain  and  appearance  of  the  rock 
also  mark  it  out  from  the  other  coarse  porphy rites  of  the  island. 

The  other  exposures  of  the  rock  are  small  in  extent,  though 
numerous,  and  show  the  porphyrite  penetrating  the  finer  andesite  in 
dykes  of  various  lengths.  Here  and  there  they  accompany  exposures 
of  breccia,  which  seems  to  point  to  explosive  action  having  caused, 
or  having  assisted  in  causing,  the  opening  in  the  andesites,  which 
was  afterwards  filled  with  the  coarser  rock. 

Two  sections  from  the  coarse  porphyrite  show  a  micropoikilitic 
structure  in  the  groundmass.  One  of  these  is  from  the  edge  of 
the  Trinity  Well  mass,  and  the  other  from  a  small  exposure  of  the 
rock  south-west  of  Heath  Hill.  In  one  of  these  the  freshness  of 
the  porphyritic  felspars,  as  was  the  case  with  the  andesites  showing 
micropoikilitic  structure,  is  remarkable. 
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The  coarse  porphyrite,  therefore,  usually  occurs  in  dykes  or  sills, 
but  it  is  also  found  as  an  extruded  mass  on  Flint  Hill  and  Pilot's 
Hill. 

With  regard  to  its  mineralogical  constitution,  we  have  nothing  to 
«dd  to  Von  Lasaulx's  account.  We  have  recognized  porphyritic 
felspars  allied  to  labradorite,  much  decomposed,  in  a  groundmass 
of  lath-shaped  felspars  and  augite-granules.  Calcite,  epidote,  mag- 
netite, p3'rit«s,  and  sphene  also  occur. 

IV.    CONCLUSIOWS. 

From  the  observations  recorded  herein,  it  seems  plain  that  in 
Bala  times  Lambay  Island  was  dose  to  a  centre  of  vulcanicity. 
A  vent  could  not  have  been  very  far  distant,  and  its  flanks  must 
have  extended  close  to  the  districts  of  Lambay  and  Portraine. 

The  main  extrusions  of  lava  were  of  a  very  normal  type  of  andesite, 
Augite-  and  hypersthene-andesites  being,  however,  represented  to  a 
«mall  extent  on  the  island,  while  the  coarse  Lambay  porphyrite 
was  injected  into  these  andesites,  and  must  occasionally  have 
reached  the  surface.  That  some  of  the  lavas  flowed  beneath  the 
sea  seems  probable  from  the  occurrence  among  them  of  beds  of 
slate,  while  that  the  period  of  igneous  activity  had  not  ceased 
when  the  sedimentary  rocks  of  Heath  Hill  had  accumulated  is 
shown  by  the  intrusion  of  the  coarse  porphynte  into  the  slates  of 
that  hill,  and  the  baking  of  the  limestone  at  its  eastern  edge. 

The  pabBontological  evidence  is  scanty,  but,  such  as  it  is,  it  points 
to  the  sedimentary  rocks  being  of  the  same  age  as  the  Portraine 
beds,  namely,  Upper  or  Middle  Bala. 

Hence,  in  Bala  times,  there  was  an  immense  outpouring  of 
andesitic  rocks  in  this  district,  while  explosions  shot  out  fragments 
which  formed  ash-beds  at  various  places,  and  cracks  in  the  andesites 
were  filled  with  a  coarsely  porphyritic  rock,  which  also  here  and  there 
welled  up  to  the  surface.  Meanwhile  limestones  and  shales  were 
being  deposited  round  the  volcatio,  and  were  in  part  subject-ed  to 
the  ordinary  agents  of  denudation.  Fragments  of  the  igneous  rocks 
and  of  these  upraised  sedimentaries  were  rolled  down  to  the  shore 
and  piled  up  to  form  a  massive  conglomerate,  which,  as  it  sank 
beneath  the  waves  of  the  Bala  sea,  was  covered  by  calcareous  mud ; 
and  therewith  the  history  of  Lambay  Island  in  Bala  times  is  brought 
to  a  dose. 

In  conclusion  we  would  offer  our  best  thanks  to  Mr.  W.  W.  Watts, 
for  the  assistance  which  he  has  so  kindly  given  us ;  to  Mr.  F.  R.  Cowper 
Beed,  for  naming  our  fossils ;  and  to  the  authorities  of  the  Geological 
Museum  in  Duihlin,  for  the  generosity  with  which  they  have  afforded 
OS  ever}'  facility  for  examining  the  collections  of  rocks  and  fossils  in 
their  possession. 
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PLATE  IX. 
Geological  Map  of  Lambay  Idand,  on  the  scale  of  4  miles  to  the  inch. 

DiSOUSSIOK. 

Mr.  W.  W.  Watts  congratulated  the  Authors  on  the  excellent 
work  that  they  had  done.  He  was  not  quite  convinced  by  the 
arguments  which  he  had  heard  as  to  the  outpouring  of  parts  of  the 
Lambay  porphyry  in  the  form  of  lava. 

Mr.  G.  W.  Lamplugh  asked  whether  the  Authors  had  found  any 
pebbles  of  the  porphyrite  in  the  Old  Red  Sandstone,  as  he  believed 
that  Mr.  McHenry  thought  the  point  of  importance. 

Mr.  Gardineb,  in  reply  to  the  last-named  speaker,  stated  that  no 
pebbles  of  the  coarse  porphyrite  had  been  noticed  by  the  Authors- 
in  the  Old  Red  Conglomerate  which  occurred  on  the  island. 
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10.  On  the  Occurrence  of  Chloritoid  in  Kiacardikeshirb.     By 
George  Barrow,  Esq.,  F.G.8.     (Read  January  19th,  1898.) 

[Communicatod  bj  permissioii  of  the  Director-General  of 
H.M.  Geological  Survey.] 

Ik  the  neighbourhood  of  Drumtochty,  near  Fordun,  I  found 
numerous  fragments  of  a  green  schist,  which  are  characterized  by 
white  or  yellowish  spots.  On  closer  examination  these  specimens 
disclose  numerous  minute,  dark,  glistening  crystals,  which  are  fairly 
evenly  distributed.  Several  of  these  wore  picked  out  with  the 
point  of  a  knife,  when  they  proved  to  be  hard  and  brittle.  Placed 
on  a  sheet  of  white  paper,  the  crystals  were  seen  to  be  rudely  hexa- 
gonal and  dark  green  by  transmitted  light.  Their  characters  and 
mode  of  occurrence  suggested  that  they  were  chloritoid,  or  '  brittle- 
mica,'  and  subsequent  investigation  has  proved  that  this  is  their 
true  nature. 

T)ie  rock  containing  them  was  first  met  with  in  gitu,  at  the 
entrance  to  the  little  guHy  at  the  head  of  Friar  Glen  Bum,  near 
Drumtochty  Castle.  The  section  here  shows  a  highly  chloritic 
frreen  grauwacke,  becoming  gradually  finer  in  texture,  and  passing 
into  the  spotted  green  schist  containing  the  chlorit'oid,  which  may 
be  conveniently  called  the  '  chloritoid-rock.'  A  few  inches  of  grey, 
almost  metallic-looking  schist  succeeds  this,  and  farther  on  is  a 
rather  yellow  schist,  with  small  crystals  of  brown  mica.  This 
passes  gradually  into  a  schistose  pebbly  grit  of  the  arkose  type : 
that  is,  the  pebbles  are  embedded  in  what  was  originally  a  fine 
arkose  matrix,  as  distinguished  from  the  chloritic  matrix  of  the 
green  grauwacke.  This  sequence  of  rocks  is  easily  recognized, 
and  we  have  now  succeeded  in  finding  it  in  a  number  of  localities 
along  a  narrow  belt  of  ground  nearly  22  miles  long,  extending  from 
the  coast  north  of  Stonehaven  nearly  to  the  North  Esk,  keeping 
always  some  little  distance  north  of  the  Highland  Fault.  The 
various  localities  will  be  indicated  on  the  Geological  Survey  1-inch 
maps,  sheets  66  and  67,  to  be  shortly  issued. 

Of  these  other  exposures,  the  two  most  interesting  are  the  section 
seen  in  the  Cowie  Water,  close  to  Urie  House,  and  that  on  the  coast, 
2  miles  north  of  Stonehaven  (Red  Man,  on  the  1-inch  map).  These 
are  practically  identical,  and  in  both  we  note  a  thin  film  of  grey 
schist  in  contact  with  the  coarser  part  of  the  green  grauwacke.  In 
this  film  occur  the  largest  crystals  of  chloritoid  that  have  been  found 
hitherto  in  this  district ;  but  they  are  very  sparsely  scattered  through 
the  schist.  With  this  exception,  the  chloritoid  seems  to  be  restricted 
to  the  green  band  lying  between  the  two  grits  referred  to  above.  This 
band  varies  much  in  appearance,  and  judging  from  the  amount  of 
metamorphism  that  it  has  undergone,  it  may  be  a  slate,  phyllitc, 
or  fine  schist. 

It  is  in  the  fine  schist  alone  that  the  chloritoids  are  visible  in  hand- 
specimens  ;  their  presence  was,  however,  suspected  in  the  slnte  and 
fine  phyllite,  both  from  the  nature  of  the  section  exposed  and  from 
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the  fact  that,  even  in  the  slate,  the  white  spots  are  still  big 
enough  to  recognize  with  a  hand-lens.  Microscopic  examination 
proves  that  they  are  present  in  great  number,  but  the  crystals  are 
extremely  small  and  ill  defined,  tending  to  occur  in  groups.  In 
fact  they  are  almost  identical  with  the  ottrelite  described  by  Mr.  W. 
M.  Hutchings^  as  occurring  in  a  slate  near  Tintagel.  As  the  con- 
taining rock  becomes  more  crystalline,  both  the  chloritoids  and  the 
spots  tend  to  become  larger,  till  in  the  schist  in  Friar  Glen  Bum 
we  see  numerous  dark-green  glistening  crystals,  often  as  large  as  a 
pin's  head,  and  white  spots  as  big  as  peas.  In  some  of  the  speci- 
mens of  this  type  the  microscopic  sections  show  a  perfect  gradation 
from  the  largest  to  the  smallest  crystals,  and  clearly  prove  that  the 
mineral  in  the  slate  is  the  same  as  that  more  commonly  seen  in 
this  schist.  Without  this  graduated  series  one  could  not  have  been 
sure  of  this  identity. 

Description  of  the  Rock. 

The  chloritoid-rock  is  in  all  cases  a  typical  '  felt '  of  white  mica 
and  chlorite,  associated  with  a  considerable  amount  of  quartz,  but 
very  little  felspar.  The  larger  chloritoid-crystals  are  either  irre- 
gularly-shaped plates  or  flakes,  giving  a  mere  suggestion  of  prismatic 
outline,  or  lath-shaped,  with  jagged  ends — obviously  the  plate  seen 
edgewise.  Binary  twinning  is  almost  always  shown  by  the  latter 
under  the  microscope  (see  figure,  p.  154) ;  polysynthetic  twinning 
is  distinctly  rare.  When  the  crystals  fall  below  a  certain  size  they 
never  show  any  twinning. 

The  spots  are  numerous,  and  so  fall  of  inclusions  of  the  minerals 
of  the  rock-matrix  that  at  times  their  boundaries  can  be  made  out 
only  under  crossed  nicols,  when  they  form  areas  of  very  low  double 
refraction.  Very  small  chloritoid-crystals  (one  might  almost  say 
'  specks/  they  are  so  small)  occur  sometimes  in  this  spot-material,  but 
they  are  not  common.  The  real  nature  of  this  material  we  have 
been  unable  to  determine ;  the  optical  properties  are  ill  defined, 
probably  because  it  seems  very  liable  to  decompose.  A  considerable 
amount  of  it  was  obtained  after  treatment  with  hydrochloric  acid,  and 
proved  to  be  composed  chiefly  of  silica,  iron,  and  alumina.  The  field- 
evidence  leaves  little  doubt  that  the  spot-material  represents  a  stage 
in  the  formation  of  staurolite,  but  this  cannot  be  actually  proved. 

One  other  feature  of  the  chloritoid-rock  may  be  worth  noting 
here.  In  common  with  most  of  the  finer  sediments  of  the  High- 
lands, originally  rich  in  chlorite,  this  band  contains  a  great  number 
of  schorl-crystals.  As  in  the  case  of  the  ohloritoid  and  the  spots, 
the  crystals  increase  in  size  as  the  rock  containing  them  becomes 
more  coarsely  crystalline. 

Optical  Properties  and  Hardness  of  the  Mineral. 

The  binary  twins  show  strong  pleochroism;  when  the  shorter 
diagonal  of  the  prism  is  at  right  angles  to  the  trace  of  the  twin-face 

'  See  QwA,  Mag.  1889.  p.  214. 
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or  base  the  colour  is  pale  green  or  greenish-yellow^  varying  con- 
siderably with  the  thickness  of  the  section ;  when  parallel  to  the 
twin-face  the  colour  is  the  very  characteristic,  clear  indigo-blue. 
The  double  refraction  is  not  high  ;  it  seems  to  be  distinctly  lower 
than  that  of  hornblende,  though,  according  to  the  tables  of  minerals, 
it  should  be  slightly  higher.  On  mounting  some  of  the  isolated  and 
broken-up  crystals  in  balsam,  the  high  refractive  index  is  well  seen. 
Be£>ide8  this,  we  now  note  the  rapidity  with  which  the  strength  of 
the  pleochroism  diminishes  as  the  fnigments  become  thinner — an 
important  point,  as  it  explains  the  very  different  aspect,  especially 
so  far  as  colour  is  concerned,  of  the  minute  crystals  seen  in  the 
slate  and  the  larger  ones  of  the  schist.  That  the  mineral  possesses 
a  fairly  well-marked  basal  cleavage  is  at  once  obvious,  for  almont 
all  the  fragments  are  lying  on  their  basal  plane.  Here  and  there 
we  find  traces  of  a  prismatic  cleavage,  the  angle  being  a  little  over 
60^.  It  is  never  distinct  enough  to  permit  of  accurate  measurement. 
Indeed,  the  comparative  absence  of  any  such  cleavage  is  really  of 
more  value  for  purposes  of  identification  than  the  fact  that  obscure 
traces  of  it  may  be  met  with  occasionally.  Examining  suitable 
flakes,  we  may  note : — 

a  =  a  =  oliFe^reen. 

b  =  p  =  deep  indigo-blue. 

c  =  7  s=  pale  green-yellow. 

The  mineral  is  positive,  and  shows  the  oblique  emergence  of  a 
positive  bisectrix. 

The  above  characters  show  that,  optically,  it  is  a  typical 
chloritoid. 

Its  hardness  may  be  expressed  by  the  statement  that  it  will  just 
scratch  glass,  and  will  not  scratch  fresh  miorocline.  An  ordinary 
knife  will  not  scratch  it,  but,  owing  to  the  inclusions  being  often 
chlorite  and  white  mica,  the  knife  will  frequently  appear  to  do 
so,  when  in  reality  it  is  scratching  only  the  softer  material. 

Chemical  Composition. 

The  preparation  of  a  sample  sufficiently  pure  for  chemical  analysis 
has  given  great  trouble,  and  taken  much  time.  As  the  sections 
show,  not  only  do  the  crystals  contain  many  inclusions,  but  the 
edges  are  very  jagged,  and  the  enveloping  material,  largely  chlorite 
and  white  mica,  is  felted  into  these  jagged  edges.  Further,  it  was 
foand  t^at  the  material  of  the  white  spots  was  heavier  than  the 
densest  solution  either  of  oadmiam  borotungstate  or  of  methylene 
iodide.  After  repeated  trials,  a  large  quantity  nearly  pure  was 
obtained  by  the  following  process : — Several  pounds  of  the  rock 
were  powdered  up  sufficiently  small  to  pass  through  fine  muslin. 
The  powder  was  placed  in  a  large  enamelled-iron  developing-dish,  and 
water  from  a  tap  was  allowed  to  fall  slowly  onto  it.  By  this  means 
more  than  two-thirds  of  the  material  was  got  rid  of,  without  any 
appreciable  loss  of  the  mineral  sought.  The  residue  was  placed  in 
a  weak  solution  of  hydrochloric  acid  and  heated  over  a  steam-bath 
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for  some  hours — in  fact  till  it  ceased  to  tinge  the  acid  solution 
yellow.'  It  was  again  elutriated  under  the  tap,  and  the  residue,  after 
drying,  passed  through  a  horotungstate  solution  of  sp.  gr.  2*9. 
Phis  practically  eliminated  nearly  all  the  quart?:  and  white  mica, 
except  such  as  adhered  to  the  chloritoid.  The  residue  was  now 
passed  under  a  powerful  electro-magnet,  which  picked  up  the 
chloritoid  and  dropped  nearly  all  the  white-spot  material.  (This  it 
will  not  do  unless  the  material  ha?  heen  first  strongly  acted  upon 
hy  acid,  and  a  large  part  of  the  iron  removed.)  Some  of  the  whit« 
material  was  still  taken  up  hy  the  magnet,  hut  examination  showed 
that  its  surfaces  were  greatly  etched  and  corroded.  Ahout  2  grammes 
of  the  now  nearly  pure  chloritoid  was  gently  ground  in  an  agate 
mortar,  washed,  and  dried.  The  powder  was  placed  in  a  concen- 
trated solution  of  cadmium  horotungstate,  and  now  the  etched 
surfaces  of  white  material,  owing  to  their  air-retaining  nature, 
floated  much  longer  than  the  chloritoid,  which  was  drawn  off  almost 
pure.  An  analysis  was  made  of  this  material  and  is  given  helow. 
It  is  80  nearly  identical  with  that  given  hy  Barrois,  to  show  the 
composition  of  the  large  crystals  fi-om  the  schist  in  the  He  de  Groix, 
that  the  two  are  printed  side  hy  side : — 


SiO,  

Al,4 

FeO  

KmCARDlNB. 

26-00 

4005 

Ilk  db  Qboiz 

2490 

4036 

1950 

Fe^O,    

505 

1   2617 

MgV. 

TiOMon  ignition  ... 

Total  

2-88 

254 

6-00 

6*23 

99-48 

10020 

It  will  thus  be  seen  that,  both  optically  and  chemically,  the 
mineral  here  described  is  substantially  identical  with  that  analysed 
by  Dr.  Barrois  from  the  De  de  Groix.  But  there  is  a  great  dif- 
ference between  the  rocks  containing  the  mineral,  for  the  chloritoid 
in  the  foreign  specimen  occurs  in  a  decomposed  sillimanite-gneiss, 
and,  as  our  experience  from  Kincardine  would  lead  us  to  expect,  the 
crj'stals  are  large  in  proportion  to  the  very  high  metamorphism 
that  the  nature  of  the  rock  suggests.  In  a  specimen  kindly  supplied 
to  me  by  Dr.  Barrois  one  crystal  weighed  2  grammes.  Curiously 
enough,  films  of  the  rock-matrix  traverse  these  crystals  in  exactly 
the  same  manner  as  do  minute  threads  in  the  exceptional  crystals 
obtained  on  the  Kincardineshire  coast;  and  further,  both  show 
polysynthetic  twinning.  The  part  played  by  this  mineral  seems  fairly 
evident.  Owing  to  the  exceptional  composition  of  the  containing 
rock,  it  entirely  replaces  the  characteristic  brown  mica  so  abundant 
in  the  Hij^hland  schists.  Indeed,  in  a  single  slide  from  the  margin 
of  the  rock,  we  may  And  alternate  Alms,  one  of  which  contains 

*  After  this  prolonged  lieixting  the  flakes  were  examine.!  carefullj,  to  make  sure 
t^at  they  had  not  been  acted  on  by  the  acid.  The  four  analyses  that  have  been 
made  of  the  mineral  in  different  stages  of  purity  show  this  quite  clearly,  for  in 
two  cases  acid  was  not  employed ;  yet  these  two  cjrrespoad  exactly  with  the 
others,  allowing  for  more  impurity. 
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biotite  to  the  exclusion  of  chloritoid,  while  the  adjacent  film  contains 
cbloritoid  to  the  exclusion  of  biotite.  To  a  certain  extent  the  silli- 
manite-gneiss  from  the  He  do  Groix  shows  the  same  characteristic. 
The  rock  is  greatly  decomposed,  but  there  does  seem  to  have  been 
a  little  brown  mica  in  it ;  still,  the  total  amount  must  be  quite 
insignificant  when  compared  with  the  great  quantity  of  chloritoid 
present  in  the  large  crystals.  In  ordinary  siUiraanite-gneisses 
biotite  is  one  of  the  chief  constituents.  It  will  be  interesting  to 
learn  to  what  extent  biotite  is  similarly  replaced  in  other  areas. 

Variation  in  Composition  of  the  Chloritoid. 

Examining  the  list  of  analyses  of  this  mineral  given  by  Dana, 
one  is  struck  by  the  fact  that  no  two  of  them  have  the  same  compo- 
sition, and  consequently  either  the  mineral  must  vary  much  in 
composition,  or  else  the  extreme  difficulty  in  eliminating  impurities 
has  led  to  a  belief  in  a  variation  that  does  not  exist.  Is  not  tho 
latter  the  more  reasonable  supposition?  Four  analyses^  of  tho 
Kincardineshire  mineral  have  been  made  from  specimens  varying  in 
purity^  The  first  gave  nearly  1-5  per  cent,  of  cdkalies,  and  the  last 
merely  a  trace.  On  completing  the  first  analysis  it  was  seen  that 
a  large  quantity  of  white  mica  must  be  adhering  to  the  jagged 
edges  of  the  chloritoid,  but  the  microscope  fails  to  make  this  at  all 
clear.  Obviously,  it  was  quite  improbable  that  an  appreciable  amount 
of  alkali  would  be  present  At  intervals  during  the  last  3  years 
efforts  have  been  made  to  rid  the  mineral  of  impurity.  This  I  have 
practically  succeeded  in  doing,  with  the  result  that  the  chemical 
composition  proves  in  reality  to  be  substantially  identical  with  that 
of  the  mineral  from  the  He  de  Groix.  As  the  crystals  in  this  rock 
are  so  large  that  a  practically  pure  sample  can  be  obtained  in  an 
hour,  we  may  fairly  regard  it  as  the  standard  or  type. 

Had  not  the  above  efforts  to  obtain  pure  material  been  made,  I 
should  simply  have  added  one  more  to  the  list  of  chloritoids  having 
exactly  the  same  optical  properties,  but  with  a  very  variable  com- 
position. Now,  if  we  turn  to  the  paper  by  A.  Renard  &  C.  de  La  Vallee 
Poussin,'  we  see  that  the  fine  crystals  from  Serpent  are  actually 
figured.  This  figure  shows  that  the  mineral  is  permeated  with 
quartz,  so  disseminated  through  it  that  the  quartz  must  be  very 
diflicnlt  to  eliminate.  If  our  suggestion  that  the  chief  variations 
in  composition  are  really  due  to  impurity  be  correct,  then  the 
Serpont  specimen  should  show  an  abnormally  high  silica  per- 
centage (41*65).  This  is  exactly  what  it  does,  and  Dana  lays 
special  stress  on  this  point,  using  this  high  silica-percentage  to 
justify  a  different  name  for  the  mineral  from  that  of  chloritoid  having 
the  composition  given  by  Barrois  and  myself.  The  identity  of  all 
three  minerals,  so  far  as  optical  properties  go,  is  rendered  clear  by 
the  careful  descriptions  given  in  the  paper  referred  to  above.  By 
sedulously  noting  the  composition  of  the  matrix  in  which  these 
minerals  are  embedded,  and  especially  the  material  in  contact  with 

*  Mr.  W.  M.  Hatohinffs  kindly  made  the  second  for  me. 

»  'Note  Bur  rOttrtlite/  Aunal.  Soa  06ol.  Belgique,  roL  ti  (1879)  p.  51. 
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it,  whether  it  he  quartz,  white  mica,  or  chlorite,  or  any  other  mineral, 
we  see,  on  tarning  to  the  published  analyses,  that  the  nature  of  the 
enyeloping  material  will  largely  account  for  the  supposed  differences 
in  composition.  Briefly  put,  I  would  suggest  that  chloritoid,  ottre- 
lite,  etc.,  possessing  the  optical  properties  of  the  mineral  here 
described,  have  really  the  same  composition — if  we  could  only  obt4&in 
pure  material  to  work  upon. 

The  Presence  of  Manganese. 

In  the  Kincardineshire  specimen  and  in  some  crystals  sent  to  me 
by  Dr.  Barrois  a  special  examination  was  made  for  manganese,  and 
a  very  small  quantity  (-02  per  cent.)  was  found  to  be  present  in 
both.  In  some  analyses  of  ottrelite  the  manganese  is  present  in 
considerable  quantity,  as  much  as  8  per  cent,  in  one  case. 

In  conclusion  I  have  to  thank  Br.  Barrois  for  courteously  sending 
me  a  specimen  of  the  He  de  Groix  rock,  and  Prof.  Bonney  for  the 
loan  of  his  slides.  My  thanks  are  also  due  to  my  colleague  Mr.  Teall 
for  the  loan  of  the  slide  of  the  rock  from  Ottre,  and  for  kind  assist- 
ance in  the  preparation  of   this  paper. 

Postscript. 

[The  appended  figure  shows  the  form  and  mode  of  occurrence 
of  the  common   binary  twins.      The    crystal  is  immediately  in 

CTdoritcid  from  Friar  Glen  Bum,  Kincardineshire. 


X  abontSO.    Orosaed  niooU. 


contact  with   minutely  intergrown  white  mica  and  chlorite  along 
a  considerable  part  of  its  margin.     Great  diflioulty  was  experienced 
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in  getting  rid  of  this  marginal  material,  and  a  oonsiderable  quantity 
of  nearly  pure  chloritoid  has  to  be  taken,  la  order  to  prepare  a 
small  sample  pure  enough  to  give  a  true  analysis.  Fortunately 
the  presence  of  white  mica  as  a  source  of  impurity  can  be  instantly 
detected  by  the  alkalies  shown  in  the  analysis.  Neither  potash 
nor  soda  occurs  in  any  of  the  chloritoids,  and  so  long  as  eithei 
was  present  in  appreciable  quantity  the  analysis  could  not  give 
the  true  composition  of  the  mineral.  The  four  analyses  showed 
the  steady  decrease  of  this  source  of  impurity.  I  regret  to  say 
that  the  record  of  the  first  has  not  been  kept,  as  it  was  obviously 
made  with  impure  material.  Mr.  Hutchings  has  kindly  supplied 
the  account  of  the  second.  The  lime  present  in  Nos.  U.  and  III. 
is  probably  contained  in  the  white-spot  material,  which  was  not 
separated  entirely  except  from  the  last  sample  analysed. 

I.  II.  in.  IV. 

SiO, 3140  3000  2600 

AL,0,  37-88  3610  40K)6 

FeO 18-81  1867  19-60 

Fe,0, 6-03  605 

OaO 2rS0  WO 

MgO   3-06  3-02  2-88 


K,0 ;,.  0-38  1 

Vifi  1^^  0-65  ] 


0*60  Trace. 


H,6    6-45  6-00  600 

90-92  100-22  9948 

G.  B.— February  4th,  1898.] 

Discussioir. 

Sir  Archibald  Qbikie  said  that,  although  he  rose  in  obedience 
to  the  President's  call,  he  did  not  feel  that  he  had  sufficient  personal 
acquaintance  with  the  subject  of  the  paper  to  warrant  him  in 
offering  any  criticism.  He  was  glad  of  the  opportunity,  however, 
of  welcoming  a  paper  of  this  kind  in  the  meeting-room  of  the 
Geological  Society.  Those  whose  memories  carried  them  back 
30  or  40  years  would  remember  how  completely  the  field-geologists 
of  this  country  had  then  thrown  over  the  practical  aids  of  chemistry 
and  petrography.  Such  a  contribution  as  that  to  which  the 
Society  had  just  listened  it  would  have  been  almost  impossible 
for  any  of  those  men  to  produce,  admirable  observers  as  they  were. 
Mr.  Barrow  had  shown  that,  besides  being  an  excellent  surveyor  in 
the  field,  he  was  also  a  skilled  chemist  and  trained  petrographer. 
He  was  engaged  in  working  out  the  structure  of  some  of  the  most 
difficult  country  in  the  Central  Highlands,  and  devoted  himself  also 
with  the  most  praiseworthy  enthusiasm  to  the  study  of  the  chemical 
and  mineralogical  characters  of  the  rocks  which  he  encountered. 
His  work  had  thus  a  special  value,  for  it  united  a  grasp  of  broad 
questions  of  tectonic  geology  with  a  laborious  devotion  to  the 
investigation  of  the  minutest  features  in  the  composition  and 
interned  structure  of  the  rocks. 
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Lieut-Gen.  McMahon  congr&tulated  the  Author  and  also  the 
Society  on  the  paper  just  read.  The  chemical  analyses  of  minerals 
in  days  before  the  systematic  application  of  the  microscope  to 
geobgy  had  often  led  to  erroneous  results,  because  minerals  very 
commonly  enclosed  endo-minerals  differing  materially  in  chemical 
composition  from  themselves,  the  resulting  analyses  being  thus 
vitiated.  The  future  of  chemical  mineralogy  depended  on  chemists 
making  sure,  by  preliminary  microscopical  and  optical  tests,  that  they 
were  really  dealing  with  a  homogeneous  and  pure  mineral.  The 
correct  definition  of  mineral  species  depended  on  the  combination  of 
the  petrologieal  and  chemical  methods.  These  methods  the  Author 
appeared  to  have  combined  in  hb  own  person. 

The  Prbsidbnt  and  Mr.  Tball  also  spoke,  and  the  Author 
replied. 
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11.  Sechons  along  the  Lancashire,  Derbtshikb,  and  East  Coast 
Railway  between  Lincoln  and  Chesterfield.  By  C.  Fox- 
Stranowatb,  Esq.,  F.G.8.     (Read  January  5th,  1898.) 

[Communicated  by  permission  of  the  Director-General  of 
H.M.  Geological  Surrey.] 

[Platb  X.] 

The  portion  of  this  railway  between  Lincoln  and  Chesterfield,  which 
has  lately  been  opened  for  traffic,  traverses  the  country  in  a  nearly 
east-and-west  direction ;  and,  consequently,  crosses  at  right  angles 
to  the  strike  all  the  formations  from  the  Lias  to  the  Coal  Measures 
in  succession.  At  it3  eastern  end,  owing  to  the  general  flatness  of 
the  country,  there  are  not  many  deep  cuttings ;  the  strata  are, 
therefore,  not  well  exposed,  and  a  considerable  thickness  of  beds 
is  not  seen  at  aU.  West  of  the  Trent  the  ground  is  more  hilly, 
and  cuttings  are  numerous ;  but  the  finest  exposures  are  in  the 
higher  ground,  along  the  outcrop  of  the  Magnesian  Limestone  and 
Coal  Measures  near  Bolsover  and  Chcdteriield,  where  some  very 
interesting  sections  occur. 

Commencing  at  the  junction  with  the  Great  Northern  Railway, 
about  1^  mile  west  of  Lincoln,  the  new  railway  crosses  the  level 
ground  covered  by  the  alluvium  and  gravels  of  the  little  rivers  Till 
and  Witham,  which,  according  to  a  boring  at  the  junction,  have  a 
thickness  of  about  20  feet.  They  appear  to  be  rather  more  extensive 
than  shown  on  the  Geological  Survey  map,  reaching  about  a  mile 
westward  to  the  foot  of  the  slightly  rising  ground  on  which 
Skellingthorpe  stands. 

At  the  statipn  here  about  6  feet  of  gravel  (composed  of  pebbles 
and  flints)  is  seen  resting  on  Liassic  clay ;  but  the  latter  has  not 
been  excavated,  and  no  fossils  were  found  to  indicate  to  what 
horizon  in  the  Lias  this  clay  belongs.  At  Old  Hag  Wood,  a  shallow 
cutting  shows  Lias  Limestone  crowded  with  Oryphcea  ineurva  and 
small  gasteropoda.  Beyond  this  the  Lias  keeps  to  the  surface  to 
beyond  the  county  boundary,  but  does  not  extend  so  far  west  as 
shown  on  the  Survey  map,  being  covered  east  of  Harby  Station  by 
sand  with  pebbles  and  flints. 

West  of  Harby  the  line  crosses  the  great  sandy  flat  which  extends 
for  a  distance  of  about  3  miles,  to  the  foot  of  the  rising  ground  near 
Clifton.  The  lower  part  of  the  Lias  and  Rheetic  is  entirely  con- 
cealed by  this  sand,  and  there  is  no  indication  of  their  outcrop 
at  the  point  crossed  by  the  line,  the  first  evidence  of  the  beds 
beneath  being  at  the  lane  about  )^  mile  east  of  Clifton  Station, 
where  an  excavation  shows  3  feet  of  grey  marls  overlying  red  marl. 
This  section  has  the  appearance  of  being  at  the  base  of  the  *  Tea^- 
Green  Marl,'  but  it  is  a  long  way  west  of  the  outcrop  as  laid  down 
on  the  Geological  Survey  map,  and  without  a  further  examination  of 
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the  country  bordering  the  line  no  definite  statement  can  be  made  as 
to  that  point. 

At  Ciifton  Station  the  Bed  Marl  comes  on  in  force,  and  is  seen  iu 
the  deep  cutting  across  the  rising  ground  between  North  and  South 
Clifton.  On  the  western  side  of  this  ridge  a  thick  deposit  of  blown 
sand  creeps  up  the  hill,  thinning  out  over  the  summit ;  but  at  the 
railway  it  does  not  come  over  onto  the  eastern  slope  as  shown  in  ihe 
Survey  map.  At  the  point  where  the  level  of  the  rails  cuts  the 
surface  the  sand  is  from  5  to  6  feet  thick. 

Beyond  this  ridge  the  line  crosses  the  broad  expanse  of  the  Trent 
alluvium.  Of  this  a  detailed  section,  of  which  the  figure  in  PI.  X 
is  a  reduced  copy/  shows  the  variations  in  the  beds.  The  piers  of 
the  viaduct  go  down  from  25  to  30  feet  through  alluvial  deposite, 
and  from  the  section  it  will  be  seen  that  they  consist  principally  of 
loam  resting  on  a  varying  thickness  of  sand  and  gravel.  At  about 
400  or  500  yards  west  of  the  present  river  the  horns  of  red  deer 
were  found  at  a  depth  of  25  feet.  This  is  near  the  margin  of  what 
appears  to  be  an  old  coarse  of  the  River  Trent. 

At  Eledborough  Station  there  are  cuttings  in  Red  and  Grey  Marl 
with  skerry*  which  continue  for  3  or  4  miles,  till  the  Great 
Northern  Railway  is  reached  at  the  Dukeries  Station.  The  cuttings 
along  this  part  of  the  line  being  sloped  down,  the  sections  are 
not  very  clear,  but  judging  from  the  general  appearance  of  the 
country  bordering  the  line  one  must  conclude  that  there  cannot  be 
much  drift  or  superficial  beds  of  any  sort  on  this  side  of  the  Trent. 
Field-ponds  and  other  shallow  ez(»ivation8  all  show  solid  strata. 
At  the  Dukeries  Station  the  grey  and  white  flaggy  sandstones  of 
the  Eeuper,  which  come  out  h*om  beneath  the  Red  Marls,  are  well 
exposed  in  the  Great  Northern  Railway,  and  along  the  junction- 
line  connecting  the  two  railways.  The  beds  have  a  slight  dip  to 
the  south-east,  and  are  very  flaggy,  with  bands  of  marl.  They 
probably  represent  the  easterly  extension  of  theTuxford  Stone, 
which  was  formerly  much  worked  around  that  place  ;  but  the  beds 
here  are  not  strong  enough  to  be  of  any  value.  A  deep  well  sunk 
at  this  point  shows  the  character  of  the  strata  that  lie  below. 

In  the  foUovsing  section  there  is  not  more  than  51 1  feet  of  strata 
that  can  be  classed  vnth  the  Lower  Eeuper  Sandstone  or  Water- 
stones.  This  is  considerably  less  than  the  usual  thickness  assigned 
to  these  beds,  but  it  appears  to  correspond  very  well  with  what  is 
seen  of  them  in  the  Kirton  cutting  mentioned  subsequently.  The 
g}'P6iferous  marls  and  sandstone  shown  in  the  upper  part  of  the  boring 
are  very  conspicuous  in  the  cutting  at  Tuxford  Station,  where  the 
thick  lenticular  masses  of  gypsum  stand  out  prominently  from  the 
sides  of  the  sloped-down  banks.     Beds  of  marl  and  skerry  continue 

^  The  figures  in  PI.  X,  which  oonsiderably  add  to  the  value  of  this  aooount,  are 
baaed  on  drawin|8  which  Mr.  R.  Elliott  Cooper,  the  engineer  of  the  railway, 
has  very  kindly  given  roe.  The  horizontal  section  is  reduced  from  the  original 
drawing. 

^  '  Skerry '  Is  the  name  usually  applied  in  this  district  to  the  thin  layen  of 
marly  sandstone. 
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for  about  2  miles  west  of  the  station ;  but  there  are  no  sections 
to  indicate  the  junction  with  the  Lower  Eeuper  Sandstone,  which, 
howeyer,  does  not  appear  to  run  up  this  valley  so  far  as  it  is  shown 
on  the  Geological  Survey  map. 

Well-section  wear  Tuxpord. 

In  tk€  trkmgle  between  the  Lancashire,  Derbyshire^  and  East  Coast  Railway, 

the  Great  Northern  Railway ^  and  the  Junction-line  connecting  these  two, 

{Section  communicated  by  Mr.  R.  Elliott  Cooper.) 

Feet  Inches. 

1.  Red  and  Wue  marl    25  0 

2.  Hard  blue  Btone  and  gjpsum  3  0 

3.  Blue  stone  and  red  marl  3  0 

4.  Hard  blue  rock  5  0 

5.  Blue  marl  and  hard  layers  3  6 

6.  Hard  blue  rock 2  0 

7.  Ked-and-blue  marl  and  gypsum  156  6 

8.  Fine  sandstone  3  0 

9.  Red  sandy  marl  and  gypsum  41  6 

10.  Hard  sandy  rock   9 

11.  Red-and-blue  marl  and  gypsum,  sandy 26  9 

12.  Red  sandy  marl 10  0 

13.  Sandy  red-and-blue  marl  and  gypsum    8  6 

14.  Red  sandy  marl 3  0 

15.  Hard  sandy  rock  and  thin  veins  of  gypsum  8  9 

16.  „  „  „  3      0 

17.  Sandy  red-and-blue  marl  and  gypsum   4      9 

18.  Sandstone  5      6 

10.  Red  and  blue  sandy  rock 3      0 

20.  Red  sand-rock    8  6 

21.  Red  sandy  marl 15  0 

22.  Fine  sandstone  3  0 

23.  Red  sandy  marl 10  6 

24.  „  „    and  gypsum 1  6 

25.  „  „     5  6 

£6.  „  „    and  gypsum    5  0 

27.  .,  „     6  6 

2&  Hard  sandy  rock    6 

29.  Red  sandy  marl  and  gypsum   1  6 

30.  Sandy  marl  and  layers  of  sandstone  2  6 

31.  Red  sandy  marl 1  6 

32.  Red  and  blue  sandy  marl 7  0 

33.  Blue  sandy  marl    29  0 

34.  Light-coloured  sandstone 11  0 

35.  Sand  and  pebbles  1  6 

36.  Light  and  brown  sand 8  6 

37.  Red  sandstone    19  6 

38.  Red  sand    43  0 

39.  „  andpobblea  163      6 

650      0 

Water-leTel  54  feet  from  surface.  The  around  has  since  been  lowered 
6  feet,  making  the  depth  of  the  boring  from  Uie  present  level  644  feet  and  the 
water-lerel  48  feet 

South  of  Eirton  there  is  a  deep  cutting  in  the  sandstone  and 
marls  of  the  Waterstones,  which   becomes   more  sandy  towards 
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Boughton  Station,  where  a  thick  hed  of  pinkish  sandstone  crops 
out. 

At  the  foot  of  the  escarpment  formed  by  these  hills  the  line 
enters  on  the  great  dip-slope  of  the  Bunter  Pebble  Beds,  but  there 
is  no  section  in  them  till  we  get  within  a  mile  of  Ollerton,  where  a 
long  cutting  shows  soft  current- bedded  sandstones  with  a  few 
pebbles,  which  gradually  become  more  massive  and  contain  the 
pebbles  arranged  in  distinct  lines.  Cuttings  in  similar  beds  con- 
tinue at  intervals  for  the  next  5  miles,  the  best  sections  being  at 
Ollerton  Station,  south  of  Broomhill  Grange,  and  at  Bradmer  Hill. 
At  the  second  of  these  there  are  a  number  of  small  faults  hading 
west,  which  give  tlie  beds  a  peculiar  jointed  appearance. 

The  Lower  soft  Red  and  Mottled  Sandstone  of  the  Bunter,  which 
crops  out  at  the  foot  of  the  escarpment  formed  by  the  Pebble  Beds, 
occupies  a  breadth  of  about  a  mile  between  the  last  cutting  and 
Warsop ;  but  as  the  railway  is  carried  on  an  embankment  there  are 
no  sections  in  the  rock. 

West  of  Warsop  Station  the  line  crosses  the  great  dip*  slope  of 
the  Magnesian  Limestone,  the  first  section  reached  being  at  the 
junction  with  the  Midland  Railway  near  Parson's  Wood.  Here 
there  is  an  interesting  exposure,  of  which  a  sketch  is  given  below, 
showing  the  Permian  Marls  and  Upper  Limestone  resting  uncon- 
formably  against  a  boss  of  the  Lower  Limestone.  The  disturbance 
of  the  Limestone  before  the  marls  were  deposited  is  very  striking. 

Fig.  1. — Section  at  Warsop  CoUienj  Junction^  near  Soolcholnu 
Lodge,  showing  Permian  Marl  and  Limestoru  resting  uncon- 
formahly  on  Lower  Limestone, 

W.  E 

" — '    — — 1 — r: — L      „•  .'i'l    I*    n .-  "  ^.-^^  ^ss^^r  .    t^ir  .'  4..^ — 


a=Bed  sandy  clay,  with  acme  pebbles  and  liinestone-fragmenU. 
i=Thin  flaggy  limestone.  c=  Marly  cl«y. 

rf=Red  marl.  «=Ma8siye  limestone. 

[Height  of  section = about  10  feet.] 

These  marls  are  seen  again  immediately  west  of  Parson's  Wood, 
where  there  appears  to  bo  somo  disturbance  in  the  beds,  thin  beds 
of  contorted  limestone  being  mixed  up  with  the  marl.  Tho  marls 
continue  as  far  as  the  Midland  Railway  (Mansfield  and  Worksop 
branch),  as  is  correctly  shown  on  the  old  Geological  Survey  map, 
but  they  cannot  be  of  any  great  thickness,  as  the  cuttings  in  tho 
lower  railway  are  entirely  in  limestone. 

In  this  district  the  Permian  beds  consist  of  a  lower  and  upper 
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limeetone  with  intervening  marls.  The  hasement-hreccia,  which 
occurs  farther  south,  does  not  appear  to  be  present  here :  at  least  it 
is  not  recorded  in  the  shafts  of  the  tunnel  illustrated  in  PI.  X 
(vertical  sections).  The  Lower  Limestone  is  by  far  the  most  im- 
portant division,  the  Middle  Marls  being  merely  a  thin  stratum, 
while  the  Upper  Limestone  is  represented  only  by  the  thin  flaggy 
limestone  seen  near  Parson's  Wood. 

At  Langwith  Junction  there  are  deep  cuttings  in  the  Magnesian 
Limestone,  both  along  the  main  line  and  in  the  Clown  branch,  as 
well  as  in  the  Midland  Railway  below,  which  well  show  the  false- 
bedded  character  of  the  rock  and  how  much  it  obscures  the  true  dip 
of  the  beds.  About  ^  mile  from  the  station,  opposite  Upper  Lang- 
with, there  is  a  well-marked  anticlinal  axis,  at  which  the  dip  of 
the  beds  turns  over  to  the  west,  and  about  |  mile  beyond  this,  at  the 
last  bridge  in  the  cutting,  the  limestone  is  cutoff  by  a  fault  running 
in  a  north-westerly  direction,  which  brings  down  the  red  saifdy 
marl  on  the  west  side.  This  section,  which  is  just  on  the  steep 
side  of  the  valley,  is  interesting  from  there  being  about  5  feet  of 
rubble  in  the  upper  part,  which  has  slipped  down  when  the  hill 
was  higher,  and  distinctly  turned  over  the  edges  of  the  surface-beds 
of  marl. 

The  line  now  follows  the  valley  of  the  River  Poulter  for  about  a 
mile,  there  being  no  sections  till  the  deep  cuttings  in  the  Magnesian 
Limestone  near  Scarcliff  are  reached,  where  the  beds  dip  from  2° 
to  5%  and  in  some  cases  as  much  as  10^  to  the  east.  The  false- 
bedding  is  here  very  marked,  the  upper  part  of  the  cutting  being 
in  some  places  quite  unconformable  to  that  below,  and  dipping  at  a 
high  angle  in  the  opposite  direction. 

Fig.  2. — Section  in  Scarcliff  cutting,  showing  marked  false-bedding, 
amounting  to  unconformity,  in  the  limestone. 


[Height  of  section  «  about  30  feet] 

Between  Scarcliff  and  Bolsover  the  line  crosses  the  Permian 
escarpment  by  a  tunnel  nearly  1||  mile  in  length,  the  shafts  of 
which  afford  a  good  insight  into  the  thickness  of  the  beds.  (See 
PI.  X,  vertical  sections.) 

The  maximum  thickness  of  the  Magnesian  Limestone  met  with 
in  the  shafts  was  61  feet ;  but  this  is  probably  not  nearly  the  full 
thickness  of  that  formation,  a  considerable  amount  of  the  upper 
beds  having  been  denuded  away.     The  lower  part  of  the  shafts,  and 
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nearly  the  whole  of  the  tunnel  itself,  is  in  the  Coal  Measures. 
These  latter  are  high  up  in  the  series,  and  it  is  evident  that  they 
do  not  contain  coal-seams  of  any  value.  It  also  appears  from  these 
seotions  that  the  upper  part  of  the  Coal  Measures  is,  at  this  depth, 
not  stained  red  by  the  Magnesian  Limestone,  as  usually  observed 
along  the  outcrop  of  this  junction,  a  staining  which  gave  rise  to  the 
supposition  that  these  uppermost  beds  were  of  Permian  age. 

Fig,  3. — Section  at  the  western  end  of  Bolsover  Tunnel. 


Tunnel 


a = Sandy  shales,  sloped. 

6= Sandy  shales,  rather  harder  and  more  sandy,  vertioal  faoe. 
c  =  Masai  ye  sandstone. 
(<=Line  of  fault,  nearly  vertical. 

e= Apparent  line  of  fault.    The  semblanoe  is  probably  due  to  h  being  left 
vertical,  while  a  is  sloped. 

The  western  mouth  of  the  tunnel  shows  a  little  shale  over 
massive  sandstone,  which  a  little  farther  on  is  faulted  against 
Bandy  shales.  This  fault  runs  in  an  east-and-west  direction  very 
obliquely  to  the  railway,  and  is  nearly  vertical,  but  may  have  a 
slight  hade  to  the  north.     (See  fig.  3.) 

About  400  yards  from  the  tunnel-mouth  there  is  5  feet  of  coaly 
shale  and  coal  dipping  2^  east ;  and  at  the  station-yard  an  impure 
coal-seam  is  seen,  3  feet  thick,  dipping  8°  south-east.  This  is  probably 
the  seam  indicated  on  the  Geological  Survey  map  at  Castle  Lane,  and 
the  highest  seam  shown  on  the  Hor.  Sect.  Sheet  18,  which  is  stated 
to  have  been  worked  about  3  miles  farther  north.^ 

After  crossing  the  Doe  Lea  Valley,  soft  rubbly  and  flaggy  sand- 
stones are  seen  at  the  junction  with  the  Midland  Railway  ;  and  a 
little  farther  on  the  deep  cutting  at  Long  Duckmanton  shows  sand- 
stones and  shales  dipping  at  angles  from  4°  to  6^  east,  with  a 
seam  of  coal  about  1  foot  thick,  which  crops  out  at  the  bridge,  with 
another  thin  seam  about  10  feet  below  this.  At  the  summit  near 
the  centre  of  this  cutting  there  is  an  irregular  boss  of  sandstone 
which  seems  to  be  let  into  a  hollow  in  the  shales,  so  abrupt  are  the 
terminations  on  either  side.  This  sudden  ending-off  of  the  Coal 
Measure  sandstones  against  the  shales  appears  to  occur  rather 
frequently  in  this  district,  and  another  instance  will  be  noticed 
subsequently. 

^  Bxpl  of  Hor.  Sect.  Sheet  61,  p.  5. 
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At  the  station  called  Arkwrig:hf  s  Town,  on  Duckmanton  Moor, 
the  heds  appear  to  he  considerahly  disturhed,  prohahly  hy  the  fault 
(shown  on  the  Geological  Survey  map)  which  crosses  the  line  at  this 
point,  hut  as  the  hanks  are  now  partiaUy  walled  up  the  section  is  not 
clear.  Immediately  west  of  this  station  commences  the  most  com- 
plete section  to  he  seen  along  the  whole  line,  which,  including  the 
cuttings  and  tunnel,  has  a  length  of  1||  mile.  The  heds,  which 
are  seen  here  in  one  continuous  section,  represent  the  Middle 
Coal  and  Iron  Series,  the  most  yaluahle  part  of  the  Derhyshire 
Coalfield,  and  as  they  dip  from  18°  to  20**  east  of  the  tunnel, 
and  from  10°  to  15°  west  of  it,  there  must  he  a  thickness  of 
heiween  1000  and  2000  feet  of  strata  exposed  at  this  place.  The 
following  section  illustrates  the  approximate  thickness  of  the  heds 
hetween  the  station  and  the  tunnel : — 

Sbctio5  BBTWBEir  Abitwright's  Town  Station  ahd 
Duckmanton  Tunnbl. 

Feet  Inches. 

1 .  Altemationi  of  sandftone  and  shale  (with  ooal-seam  1  ft.  4  in.)  100  0 

2.  Shale  with  smutty  ooal    16  0 

8.  FUfrgy  sandstone 15  0 

4.  Shales  with  ironstone  and  ooal  30  0 

6.  Sandstone 4  0 

6.  Shales  with  ironstone  and  ooal  80  0 

7.  Sandstone 6  0 

8.  Shales 25  0 

9.  Coal    2  6 

10.  Sandstone 30  0 

H.  Dark  shales  with  some  ooal 35  0 

12.  Shales  and  thin  ironstone    25  0 

13.  Sandstone 20  0 

14.  Dark  shales  with  ironstone 30  0 

15.  Shales  with  thin  sandy  hands 40  0 

16.  Sandy  shales 20  0 

17.  Dark  shales  30  0 

18.  Shales 8  0 

19.  Sandstone 2  6 

20.  Sandy  shales 20  0 

21.  Ooal  1  0 

22.  Shale 1  0 

23.  Coaly  shale  and  eoal 6  0 

24.  Shale  and  ironstone 10  0 

25.  Sandstone  passing  into  shale  ahove  and  below I  0 

26.  Laminated  shales  with  thin  ooal    15  0 

27.  Irony  shale  and  sandstone  10    0    to    12  0 

28.  Shales 12  0 

29.  Sandstone 8  0 

90.  Finely  laminated  shale  with  ironstone  12  0 

81.  Shales  and  ironstone-nodulea  30    0    to    40  0 

83.  Sandstone  with  ironstone-nodoles  10    0    to    15  0 

83.  Dark  shale 15  0 

According  to  the  map,  the  outcrop  of  the  Top  Hard  Coal  is 
crossed  dose  to  the  station,  hut  it  is  not  seen,  unless  some  smut 
near  the  stationmaster's  house  represents  it. 

The  most  conspicuous  seams  of  coal  are  Nos.  d  and  23,  which 
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crop  out  east  and  west  of  Deepeick  Lane  Bridge  respectively  ;  the 
latter  of  these  is  probably  the  Soft  Coal,  but  without  survepng  the 
neighbouring  country  it  is  impossible  to  identify  the  named  seams. 
This  interesting  section  may  be  further  continued  by  the  following 
account  of  the  measures  passed  through  in  the  tunnel,  these  latter 
being  nearly  consecutive  with  those  above : — 

Section  op  strata  passed  thbouoh  in  Ducemanton  Tunnel. 


(Estimated  from  a  drawing  to  teale  by  Mr,  B.  EUiott  Cooper.) 
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Ft.  in. 


1     6 
21     0 


36.  Coal   ...  2    0]p 

37.  CUy   ...  1    0  KT"  3  g 

38.  Coal    ...        9  J  ^^^-  •*  " 

39.  Fireclay 4  0 

40.  Softish  shaly  bind 29  0 

41.  Rock  1  6 

42.  Shale  2  6 

43.  Hock  '. 1  9 

44.  Bind   16  0 

45.  Coal    1  6 

46.  Fireclay 5  0 

47.  Shale  6  4 

48.  Coal    3  0 

49.  Very  hard  black  fireclay  .  20  0 

50.  Rock   4  4 

51.  Bind  and  ahale 2  8 

52.  Rock    3  0 

53.  Very  hard  bind 16  0 

54.  Coal-seam.  TuptohCoal.  3  0 

65.  FirecUy 3  0 

56.  Rock   1  0 

.57.  Shale  5  0 

58.  Cannel  Coal  1  0 

59.  Bind   17  0 

60.  Clunch 3  0 

61.  Hard  bind  with  ironstone.  98  0 

62.  Coal    3  0 

63.  Black  fireclay,  Tory  hard.  16  0 

64.  Coal    2  6 

65.  Hard  bind 46  0 

66.  FirecUy 3  0 

67.  Coal-s3am.  Black  Shalb 

Coal  0  0 

68.  Ironstone  with  silioeoos 

pebbles. 


In  this  tunnel,  all  the  measures  down  to  the  Black  Shale  Coal  were 
crossed  ;  the  positions  of  the  Deep  Hard  Coal,  the  Piper  Coal,  the 
Tupton  Coal,  and  the  Black  Shale  Coal  are  very  clear,  but  the 
numerous  beds  of  Ironstone  Rake  which  occur  in  this  scries  do  not 
appear  to  have  been  recognized  by  the  men.  The  Black  Shale  Coal, 
which  is  better  known  as  the  Silkstone  Coal,  crops  out  at  the  western 
mouth  of  the  tunnel,  and  is  cut  off  by  a  fault  or  slip  of  some  kind 
which  has  produced  the  peculiar  arrangement  of  the  strata  shown 
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in  fig.  4;  but,  owing  to  the  present  state  of  the  cutting,  it  is 
difficult  to  make  out  what  really  occurs. 

Fig.  4. — Section  at  the  western  end  of  Duchmanton  Tunnel^  showing 
the  curious  break-up  of  the  coal-seam  on  the  twrthern  side. 


a = Shales,  sandj  shales,  and  sandstones. 

6= Coal,  about  6  feet  thick  at  the  tunnel :  this  thins  out  westward,  and  breaks 

up  into  patches. 
0=Ola7  and  shale. 
il=Sandstone,  thinning  out  westward. 

[On  the  south  side  of  the  cutting  the  ooal  is  represented  by  one  small  patch.] 

Close  to  the  top  of  the  tunnel-arch  there  is  a  fault,  as  shown  in 
the  figure,  but  there  is  no  trace  of  it  beneath  the  large  coal-seam. 
The  fault  on  reaching  the  coal-seam  appears  to  have  developed  into 
a  lateral  thrust,  which  has  drawn  out  the  ooal  in  a  long  tongue  to 
the  west,  and  broken  it  up  into  a  series  of  isolated  patches  that 
extend  for  50  yards  or  more.  These  patches  being  high  up  in  the 
nearly  vertical  cutting,  it  is  not  easy  to  examine  them  carefully,  and 
one  does  not  feel  sure  as  to  the  true  interpretation  of  this  very 
curious  section.  As  this  cutting  is  near  the  foot  of  a  rather  steep 
escarpment,  it  is  possible  that  no  true  fault  exists,  but  that  we  have 
here  the  section  of  a  very  considerable  landslip. 

Within  1200  yards  of  the  tunnel-mouth  the  line  crosses  no  less 
than  six  faults,  showing  the  broken  nature  of  the  strata  hereabouts., 
The  rocks  consist  of  alternations  of  sandstones,  shales,  and  thin 
coals,  with  thick  shale  in  the  upper  part  and  massive  sandstone  at 
the  bottom.  The  dip  decreases  gradually  from  15°  at  the  tunnel 
till  the  great  anticlinal  axis,  which  traverses  this  part  of  the  coal- 
field, is  reached.  This  axis  is  crossed  at  800  yards  from  the  tunnel, 
and  forms  a  fairly  flat  arch  in  the  thick  beds  of  sandstone  and  shales, 
which  is  beautifully  shown  in  the  deep  cutting  that  occurs  at  this 
point. 

Beyond  this  the  inclination  of  the  beds  turns  over  to  the  west,  and 
the  dip  gradually  increases  to  as  much  as  25°  at  Hady  Lane,  where  the 
outcrop  of  the  Black  Shale  Coal  with  the  Ironstone  series  above  it 

a  J.  G.  8.  No.  214.  K 
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Ib  again  reached.    The  following  details  of  the  coal  were  measored 

at  this  spot : — 

Sbctiok  at  Hadt  Plahtatiok. 

Feet.  Inches. 
Shale  with  maDj  bands  of  ironstone. 

Coal    0  3 

Shale  2  6 

Coal    2  8 

Shale 2  10 

Coal    1  3 

Shale  1  10 

Coal    1  8 

Shale  1  0 

Coal  with  a  parting  3  0 

In  the  cutting  between  here  and  Spital  two  coal-seams  are  seen, 
the  uppermost  of  which  is  about  6  feet  in  thickness;  it  is  intersected 
by  a  small  fault,  as  shown  in  the  accompanying  figure : — 

Fig.  6. — Section  in  cutting  west  of  Uady  Plantation. 
a..\  . .  .•.  .  

^~            —  "7^*  ....    •••».  *•  -^x^^ 

— ' — ' —       ~    ■  '  -T^r  T~~' 


1/ 
hi 


(/•;.• '. 


a  =  Sandstone,  which  passes  very  abruptly  eastward  into  shale. 

h  =  Shales. 

c  =  Coal-seam,  6  feet  in  thickness. 

(2  =  Sandstone,  rising  in  a  great  floor  on  the  other  side  of  the  cutting. 

t  =  Fault,  with  easterly  downthrow  a  Httle  less  than  the  thickness  of  the  ooaL 

The  bed  of  sandstone  in  the  upper  part,  on  the  east  side,  ends  off 
very  abruptly  in  the  same  manner  as  that  noticed  at  Long  Duck- 
manton.  This  appears  to  be  a  peculiar  feature  in  these  Coal- 
Measure  sandstones.  It  is  very  different  from  ordinary  thinning 
out,  and  is  probably  due  to  the  effect  of  strong  currents  during  the 
deposition  of  the  beds.* 

The  dip  here  has  turned  round  more  to  the  south,  causing  very 
extensive  slips  on  the  northern  side  of  the  railway.  In  fact,  nearly 
all  the  upper  beds  have  slipped  over  the  basement-sandstone  shown 
in  the  figure,  so  that  the  dip-slope  of  this  bed  now  forms  the  surface 
of  the  cutting  on  the  northern  side. 

From  this  point  the  line  passes  over  a  lofty  embankment  into  the 
town  of  Chesterfield,  and  no  more  sections  are  exposed. 

^  An  illustration  of  a  similar  instance  is  giren  in  the  GeoL  Surv.  Memoir 
on  the  Yorkshire  Coalfield  (figs.  5  &  6,  p.  16),  only  in  the  present  case  tiie 
shales  are  not  inclined. 
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The  coarse  of  this  railway  being  along  its  whole  length  nearly  at 
right  angles  to  the  strike  of  the  beds,  renders  it  very  favourable  for 
geological  investigation.  The  finest  cuttings  are  undoubtedly  those 
in  the  Coal  Measures  at  the  western  end,  but  the  Magnesian  Lime- 
Btone  and  the  Buuter  Pebble  Beds  also  afford  very  fine  sections. 
The  absence  of  Glacial  deposits  is  another  very  interesting  feature. 
Not  a  trace  of  genuine  Boulder  Clay  has  been  seen  along  the  whole 
line,  which  traverses  a  distance  of  nearly  40  miles  across  the  centre 
4)t  the  country. 

EXPLANATION  OP  PLATE  X 

JSections  in  Bolsover  Tunnel  and  section  across  the  alluvium  of  the  Trent 
Valley,  the  Tertioal  scale  of  the  former  being  40  feet=l  inch,  and  of  the 
latter  96  feet=  1  inch.  The  horizontal  scale  of  the  Trent  Valley  section  ia 
192  feet=l  inch. 

Discussion. 

Prof.  Hull  pointed  out  how  the  district  traversed  by  this 
railway  was  of  especial  interest  for  several  reasons :  (1)  for  the 
remarkable  regularity  in  the  succession  of  the  formations  from  the 
Oolites  down  to  the  Permian;  (2)  as  being  a  storehouse  for  the 
coal-supply  of  the  future ;  and  (3)  as  containing  in  the  New  B.ed 
Sandstone  of  Sherwood  Forest  the  most  important'  water-bearing 
formation  in  that  part  of  England.  He  referred  to  the  deep  bore- 
hole put  down  some  years  ago  by  the  Corporation  of  Lincoln  at 
Scarle,  which  appears  to  have  been  situated  close  to  the  line  of 
railway  described  by  the  Author,  and  was  intended  to  prove  the 
presence  of  coal.  Commencing  at  the  base  of  the  Lias,  it  passed 
through  all  the  formations  to  the  base  of  the  Magnesian  Limestone 
Series  at  a  depth  of  2030  feet,  and  entered  some  peculiar  strata, 
which  he  (Prof.  Hull)  believed  to  be  representative  of  the  Upper 
Coal  Measures  of  the  Manchester  district ;  these  are  not  present  in 
the  Derbyshire  Coalfield,  owing  to  overlap  by  the  Permian  beds. 

Mr.  Habmkr,  alluding  to  the  question  of  the  important  change 
produced  by  infiltration,  hoped  shortly  to  lay  before  the  Society 
evidence  to  show  that  the  difference  between  the  two  principal  and 
seemingly  self-evident  divisions  of  the  Coralline  Crag  of  East 
Anglia  was  more  apparent  than  reed,  and  that  the  so-called  ^  Polyzoan 
Rock'  forming  the  upper  part  of  that  formation  was,  in  fact,  only 
an  altered  condition  of  the  shelly  sands  of  the  lower  part. 

The  Eev.  J.  F.  Blake  said  that,  although  there  might  not  be  any 
drift  along  the  particular  line  described  by  the  Author,  there  was 
plenty  a  little  way  to  the  south.  On  the  hills  near  Mansfield  there 
were  large  boulders  of  ash  like  that  of  the  Lake  District,  and  a 
little  south  of  it  masses  of  Borrowdale  syenite  and  Iron  Crag  lava, 
or  what  looked  like  them.  He  had  called  it  the  '  volcanic '  drift. 
The  gravels  also  that  capped  the  Pebble  Beds  were  largely  composed 
of  the  Permian  limestone  occurring  at  lower  levels  on  the  west,  and 
farther  east  were  found  Liassic  fossils  from  the  east ;  so  that  the 
drift  bad  come  from  the  north-west  and  east. 
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He  also  enquired  whether  the  Marl  Slates  and  the  Permian 
breccias  were  fonnd  in  the  section.  He  considered  that  the 
phenomena,  which  the  Author  referred  to  a  landslip,  illustrated 
very  well  on  a  minute  scale  what  happened  when  a  thrust-plane 
was  produced. 

Mr.  Lamplugh  thought  that,  with  regard  to  the  Glacial  deposits, 
the  field-evidence  on  both  sides  of  England  showed  that  during  the 
maximum  glaciation,  the  chief  accretive  and  radiant  centres  of  the 
ioe-sheet  lay  over  the  basins  of  the  North  and  Irish  8eas,  the  com- 
paratively low  topography  of  the  surrounding  land  being  practically 
obliterated.  Under  these  oonditions  the  rarity  or  absence  of  drift- 
deposits  in  the  area  described  by  the  Author  might  readily  be 
explained,  since  this  part  o!  England  would  lie  between,  or  near, 
the  margin  of  the  two  great  ice-lobes. 

The  President  and  Mr.  Whitaker  also  spoke. 

The  AuTHOB,  in  reply,  said  that  the  beds  described  in  the  Trent 
valley  are  alluvial  and  not  Glacial.  With  regard  to  the  absence  of 
drift,  not  being  acquainted  with  the  surrounding  country,  he  could 
only  speak  for  the  railway-section.  The  section  figured  near  Parson's 
Wood  very  much  resembles  an  unconformity,  but  the  exposure  is- 
not  extensive  enough  to  allow  of  a  definite  expression  of  opinion. 
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I.  Intboduction. 

Thb  object  of  this  paper  is  to  give  a  detailed  description  of  a  rock 
consisting  essentially  of  quartz,  which  occurs  in  the  Mountain  lime- 
stone of  Derbyshire.  It  is  not  a  quartzite  in  the  ordinary  meaning 
of  the  word — that  is,  a  sandstone  indurated  by  the  deposit  of  inter- 
stitial quartz  or  by  the  recrystallization  of  the  detrital  grains  into  a 
dear  mosaic,  though  sometimes  a  specimen  may  be  found  simulating 
the  latter  structure.  It  belongs  rather  to  the  second  division  of 
quartzite  suggested  by  Mr.  Kutley,*  namely,  that  of  an  infiltration 
or  metasomadc  quartzite ;  in  other  words,  it  is  a  silicified  limestone. 
The  term  *  quartz-rock '  will,  therefore,  be  applied  to  it  in  this 
paper. 

Often  associated  with  the  quartz-rock  is  a  quartzose  limestone. 
This  is  a  fossiliferous  limestone  containing  a  large  number  of  quartz- 
xn^stals,  which  may  be  easily  seen  with  a  lens  when  the  rock  is  wet. 

I  first  noticed  the  quartz-rock  when  commencing  my  study  of  the 
Toadstone  some  years  ago.  Near  the  village  of  Bonsall,  the  foot- 
path from  Ember  Lane  to  Pounder  Lane  passes  a  bold  outcrop  of 
hard  rock,  locally  known  as  the  '  Top  Lift.'  A  thin  section  from  it 
was  prepared,  and  on  examination  was  found  to  consist  of  quartz- 
grains.  Until  about  2  years  ago  it  lay  in  my  cabinet.  Since  1894 
I  have  been  engaged  during  my  spare  time  in  re-mapping  the  Toad- 
stone  and  in  trying  to  differentiate  successive  horizons  in  the  lime- 
Btone  in  order  to  decipher,  if  possible,  the  history  of  the  volcanic 
eruptions  in  Derbyshire.  In  doing  this  I  have  met  with  the  quartz- 
rock  in  various  localities.  Its  presence  in  the  limestone  rendered 
the  task  of  tracing  the  horizons  in  that  rock  more  difficult.  It  was 
therefore  thought  necessary  to  find  its  relations  to  the  limestone. 
With  this  object  in  view,  I  revisited  every  part  of  the  limestone- 
region  where  I  remembered  that  I  had  seen  any  similar  rock,  and 
examined  a  large  number  of  thin  sections.  Though  every  outcrop 
may  not  have  been  seen,  sufficient  has  been  done  to  prove  that  the 

1  *  On  the  Origin  of  certain  Novaculites  and  Quartzites,'  Quart  Joum.  QeoL 
fioe.  voL  1  (1894)  p.  380. 
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qaartz-rock  is  neither  distributed  universally  throughout  the  lime- 
stone series  nor  restricted  to  certain  beds  in  it.  There  is,  on  the 
other  hand,  sufficient  evidence  to  show  that  it  occurs  irregularly  in 
the  limestone,  and  is  found  most  plentifully  in  two  small  areas :  the 
southern,  near  Bonsall,  and  the  northern,  near  Castleton.  In  the 
southern  area  it  occurs  in  the  limestone-beds  below  the  second 
Toadstone  of  Masson,  and  therefore  400  feet  at  least  below  the  top 
of  the  limestone,  while  in  the  northern  area  it  occurs  in  the  cherty 
beds  near  the  top  of  the  series. 

The  presence  of  the  quartz>rock  in  the  northern  area  was  men- 
tioned in  the  Geological  Survey  Memoir  of  North  Derbyshire,  and 
some  of  its  aspects  in  the  field  were  briefly  described,  but  na 
systematic  attempt  appears  to  have  been  made  to  ascertain  its  origin^ 
and  there  is  no  mention  made  of  its  microscopic  structure.  The 
quartz>rock  in  the  southern  area  does  not  appear  to  have  been 
described.  It  will  be  dealt  with  first  in  this  paper,  because  I  had 
finished  working  at  it  before  I  examined  the  northern  district. 

U.  The  Sottchbbn  Abba. 

This  small  area,  immediately  east  of  the  village  of  Bonsall 
(6-inch  map  34,  N.W.),  is  situated  between  Bonsall  on  the 
west.  Ember  Farm  on  the  east.  Pounder  Lane  on  the  north,  and 
£mber  Lane  on  the  south.  The  quartz-rock  occurs  plentifully  in 
the  walls  in  isolated  and  irregularly-shaped  bosses,  and  in  large 
blocks  on  the  surface  of  the  ground.  Sometimes  this  rock,  in 
common  with  the  ordinary  and  dolomitized  limestone  of  the  sur- 
rounding district,  is  traversed  by  veins  of  fluor.  The  quartzite,. 
quartzose  limestone,  and  the  ordinary  limestone  were  mapped  by  me 
on  the  scale  of  25  inches  to  a  mile.  The  limestone  dips  generally  to 
the  east,  at  an  angle  of  from  15^  to  20^,  below  the  lava  which  forms 
the  summit  of  Masson  Hill.  On  the  south  is  the  agglomerate  of 
£mber  Lane,  and  on  the  east  the  large  mass  of  ophitic  olivine- 
dolerite,  which  at  present  I  consider  to  be  either  a  sill  or  the 
remains  of  a  volcanic  neck,  since  it  cuts  across  the  limestone-beds. 

An  examination  of  the  map  shows  that  the  quartzite  and  quartzose 
limestone  are  not  confined  to  one  horizon,  but  occur  as  bosses  in  the 
limestone  at  various  horizons.  The  following  outcrops  will  be 
described: — 

(a)  The  *  Top  Lift/ 

(b)  The  'Old  Chert-quarry.* 

(c)  100  feet  north  of  (b)  and  in  the  same  field. 

(d)  Field  north  of,  and  a^oining  the  preceding  field. 

(e)  Field  east  of,  and  adjoining  Ponnoer  Lane. 
(/)  Moorlands  Lane. 

(a)  The 'Top  Lift.' 

The  footpath  from  Ember  Lane  to  Pounder  Lane  passes  on  the 
left  a  bold,  irregularly-shaped  mass  of  rook  (the  ^Top  liff), 
which  is  totally  unlike  the  limestone  of  the  district.    A  number 
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of  detached  blocks  cover  part  of  the  slope  on  its  north-western 
side.  The  rock  is  of  a  dark  colour ;  its  surface  is  often  rough,  and 
contains  a  number  of  small  holes.  It  shows  no  sign  of  stratification, 
very  hard,  breaks  with  a  glistening  fracture,  and  has  a  crystalline 
structure.  In  a  hand-specimen  it  somewhat  resembles  a  fine-grained 
quartzite. 

Five  specimens  were  collected,  and  thin  slices  were  examined. 
No.  8,'  sp.  gr.  2-ol,  in  ordinary  light,  is  a  granular  rock,  with 
black  or  dark  brown  material,  probably  haematite,  between  the 
grains.  Between  crossed  nicols  it  appears  as  an  aggregate  of  quartz- 
grains,  the  majoriry  of  which  are  elongated  in  the  direction  of  the 
least  axis  of  depolarization.  They  vary  in  size  from  less  than 
•02  X  '01  mm.  up  to  '04  x  '12  mm.  They  have  no  cr}'8talline 
outline,  but  closely  interlock  and  penetrate  each  other.  The  rock 
is  not  formed  of  detrit^d  plains  cemented  together  by  secondary 
quartz,  but  appears  to  have  originated  by  the  crystallization  of  the 
quartz  in  situ  in  Huch  a  manner  that  adjacent  grains  have  prevented 
their  neighbours  from  assuming  crystalline  boundaries.  Some  of 
the  grains  contain  calcite. 

No.  420  is  very  similar,  except  that  it  contains  a  large  quartz- 
grain  measuring  1-25  x  *75  mm.,  and  including  smaller  grains  in  it. 

No.  421,  sp.  gr.  2*60,  has  a  similar  structure.  Several  large 
grains  of  quartz  contain  calcite.  Small  pieces  of  fluor  fill  a  few 
spaces  between  the  quartz -grains.  Vacant  places  in  the  section  are 
probably  due  to  the  fiuor  which  filled  them  being  broken  out  in 
grinding. 

No.  422,  sp.  gr.  2*57,  is  similar  to  the  preceding,  but  contains 
a  larger  proportion  of  fluor.  One  cube  of  this  mineral  is  seen 
embedded  in  and  penetrating  three  adjacent  quartz-grains.  The 
quartz  which  penetrates,  and  is  enclosed  in,  the  irregular  masses  of 
fluor  in  most  cases  possesses  crystalline  outline,  giving  either 
hexagonal  cross-sections,  remaining  extinct  under  crossed  nicols,  or 
those  nearly  parallel  to  the  axis  extinguishing  with  their  length, 
and  terminated  at  each  end  by  the  pyramidal  faces.  No.  423, 
sp.  gr.  2-53,  has  a  similar  structure. 

(b)  '  The  Old  Chert-quarry.' 

About  600  feet  north  of  the  '  Top  Lift '  is  an  old  quarry  marked 
'Chert-quarry '  on  the  1  'inch  Geological  Survey  map.  This  is  probably 
the  *  Stubben '  white  chert  or  limestone-quarry  mentioned  by  Farey.* 
An  almost  vertical  face  of  rock,  about  13  feet  high,  is  exposed,  in 
which  no  chert  is  seen.  The  face  consists  mainly  of  a  quartz-rock 
of  the  '  Top  Lift '  type,  passing  in  places  into  a  quartzose  lime- 
stone, which  is  often  traversed  by  thin  veins  of  quartz  and  some- 
times of  calcite.  The  quartz- rock  was  not  examined  microscopically, 
because  it  was  obviously  similar  to  the  '  Top  lift '  rock. 

*  Tbete  numbers  refer  to  the  thin  slices  examined  under  the  micro§oope. 

*  *  Gkneral  View  of  the  Agriculture  &  Minerals  of  Derbyshire/  vol.  i  (,1811) 
p.  273. 
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Nob.  533  &  534,  2  indies  below  533.  The  base  is  of  a  cloudy  or 
crystalline  <;aleite,  through  which  the  quartz-cr}^8tal8  are  irregularly 
distributed.  Numerous  small  veins  or  strings  of  quartz  traverse 
the  slice.  The  grains  are  often  smaller  than  the  separate  crystals. 
The  veins  have  a  structure  similar  to  that  of  the  quartz-rock,  and 
often  run  a  tortuous  course.  A  foraminifer  replaced  by  calcite  is 
penetrated  by  a  quartz-crystal. 

No.  747,  about  4  feet  below  534,  is  a  foraminiferal  limestone 
partly  replaced  by  calcite.  Quartz-crystals  are  scattered  through 
the  slice,  and  sometimes  penetrate  a  foraminifer.  The  slice  is 
traversed  by  several  small  veins,  which  consist  of  separate  quartz- 
crystals,  and  a  quartz-aggregate  similar  to  the  quartz-rock.  The 
grains  vary  much  in  size  and  often  interlock.  The  outer  crystals  are 
arranged  in  various  positions  with  regard  to  the  boundary  of  the 
vein. 

No.  748,  about  a  foot  below  747.  The  base  consists  of  cloudy  or 
crystalline  calcite,  without  any  trace  of  organisms.  The  quartz 
sometimes  is  in  separate  crystals,  but  most  commonly  in  aggregates 
or  groups  irregularly  distributed.  The  component  grains  vary  in 
size.    A  vein  of  crystalline  calcite  traverses  the  slice. 

{c)  100  feet  north  of  (i)  and  in  the  same  field. 

About  100  feet  north  of  the  chert-quarry  and  in  the  same  fidd 
is  an  out<;rop,  measuring  about  6  feet  in  length  by  5J^  feet  in  height-, 
consisting  of  quartz-rock  and  quartzose  limestone. 

No.  428,  sp.  gr.  2*54,  consists  of  fluor  and  quartz,  the  latter 
predominating.  In  some  parts  of  the  tliiu  slice  the  individual 
quartz-crystals  are  embedded  in  fluor,  and  in  other  parts  fluor  is 
absent.  The  last-named  mineral  is  irregularly  dist  ributed,  has  a  faint 
violet  tint,  possesses  traces  of  cleavage^  and  always  remains  extinct 
between  crossed  nicols. 


No.  639,  3  feet  to  the  right  of  428. 
No.  427,  6  feet  ditto. 
No.  530,  2  feet  below  428. 
No.  426,  2  feet  below  537. 


These  four  specimens  are  similar,  and 
ooDsist  of  quartz  in  a  cloudy  or 
crjstalliDe  calcite. 


The  quartz  is  sometimes  in  idiomorphic  crystals,  which  give  a 
hexagonal  cross-section,  but  is  more  oft^n  in  groups  of  crystals 
which  have  interfered  with  one  aiiOther*s  growth.  Many  of  them 
<'.ontain  zones  of  calcite,  which  in  some  cases  mark  the  previous 
boundaries  and  in  others  are  parallel  to  the  present  boundaries  of 
the  cr}-8t^L 

No.  427  contains  a  large  quartz-crystal  with  three  zones  of  calcite. 
iSmall  portions  of  two  of  the  hand-specimens  were  dissolved  in 
dilute  hydrochloric  acid.  The  residue  of  No.  426  consisted  entirely 
of  crystalline  quartz,  often  in  groups  or  clusters  of  crystals.  Few 
of  the  separate  crystals  had  perfect  crystalline  boundaries.  The 
largest  was  "5  x  '15  mm.  The  residue  of  No.  427  was  similar  and 
contained  fragments  of  fluor.     The  crystals  of  quartz  varied  in  size 
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from  -70  x  '20  mm.  to  '15  x  '05  mm.  In  some  parts  of  the  rock- 
face  the  calcite  has  weathered  out,  and  the  qaartz-crystals  remain 
loose,  but  just  coherent.  Where  the  rock  is  much  weathered  they 
may  be  separated  by  the  finger. 

No.  535,  2  feet  below  536,  consists  almost  entirely  of  quartz-rock. 
A  finer  mosaic  occurs  in  a  small  vein  which  traverses  the  slice. 
Fluor  fills  small  spaces  between  some  of  the  quartz-grains,  and  follows 
part  of  the  course  of  the  vein,  not  continuously,  but  in  a  series  of 
-disconnected  portions. 


{d)  Field  north  of,  and  adjoining  the  preceding  field. 

In  the  field  immediately  north  of  that  in  which  the  old  chert- 
•quarry  is  situated  there  is  an  interesting  exposure  of  the  quartz-rock. 
The  upper  portion  consists  of  a  small  escarpment  of  ordinary  limestone 
dipping  into  the  hill  in  a  north-easterly  direction. 

Passing  over  a  few  yards  of  grass  we  come  to  a  bed  of  limestone, 
which  contains  a  few  quartz-crystals  (No.  430).  Under  this  is  about 
6  feet  of  quartz-rock  (No.  529).  The  upper  boundary  with  the  lime- 
stone is  nearly  horizontal,  the  lower  is  of  an  undulatory  or  wavy 
outline,  the  quartz-rock  sending  down  two  V-shaped  wedges  into  the 
limestone  below  (Nos. 528, 431 ) ;  the  lower  portions  of  this  are  covered 
with  grass,  from  which  a  few  pieces  of  quartz-rock  project.  The  lower 
limestone,  close  up  to  and  under  the  quartz-rock,  contains  a  large 
number  of  quartz-crjstals.  These  form  about  50  per  cent,  of  the 
rock,  and  are  easily  visible  under  a  lens  when  the  rock  is  wetted. 
There  is,  therefore,  a  close  association  between  the  quartz-rock  and 
the  quartzose  limestone. 

No.  529  consists  almost  entirely  of  quartz-grains,  closely  inter- 
locking and  fitting  together,  and  generally  elongated.  A  few  have  a 
hexagonal  outline,  and  remain  extinct  between  crossed  uicols.  Some 
•of  them  contain  a  small  quantity  of  calcite.  The  other  constituent 
is  fiuor,  which  is  very  small  in  amount,  and  occupies  spaces  between 
the  quartz-crj'stals. 

No.  430  (the  limestone  above  the  quartz>rock)  contains  shell- 
fragments  and  a  few  foraminifera.  The  quartz-crystals  are  not 
numerous.  They  are  idiomorphic,  and  combinations  of  the  prism 
and  double  pyramid.  The  majority  are  clear,  but  some  contain  a 
small  quantity  of  calcite. 

No.  528  (6  inches  below  the  lower  boundary  of  the  quartz-rock) 
is  similar  to  the  preceding,  but  contains  a  greater  number  of  fora- 
minifera, one  of  which  is  penetrated  by  a  quartz-cr}'stal. 

No.  431,  about  7  inches  below  the  quartz-rock,  is  a  limestone, 
containing  few  foraminifera  and  numerous  quartz-cr^^stals  with 
sharp  outlines.  Some  of  them  include  a  small  quantity  of  calcite. 
Several  small  veins  or  strings  of  quartz  traverse  the  slide  in  such  a 
manner  that  the  quartz-cr}'stals  are  sometimes  aggregated  along 
tortuous  lines,  which  are  not  always  continuous,  but  interrupted. 
•One  of  these  bifurcates,  and  the  branches  run  together  again  after 
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a  short  course.  In  these  veinlets  the  quartz-crystals  often  penetrate 
one  another  or  are  arranged  in  clusters,  the  structure  of  which  is 
like  that  of  the  quartz-rock.  The  separate  crystals  have  no 
apparent  connexion  with  the  veins,  hut  are  irregularly  distributed 
throughout  the  remainder  of  the  slice.  A  little  lower  down  the  rock 
contains  no  quartz  in  some  places,  and  no  residue  when  dissolved  in 
acid. 

No.  749,  below  the  limestone  from  which  No.  431  was  taken. 
In  a  hand-specimen,  this  appears  to  be  either  the  junction  of  the 
quartz-rock  with  limestone,  or,  what  is  more  probable,  a  vein  of 
quartz-rock  in  the  limestone.  The  greater  part  of  the  thin  slice 
consists  of  quartz-rock,  which  differs  from  that  of  the  ordinary  type 
by  the  presence  of  a  few  small  patches  of  crystalline  calcite  between 
the  quartz-grains.  There  is  a  fairly  sharp  Hue  of  division  between 
this  and  the  other  portion  of  the  slice.  The  latter  contains  much 
more  calcite  and  larger  quartz-grains,  which  are  often  idiomorphic 
crystals.  It  is  traversed  by  two  small  veins  of  quartz  roughly 
parallel  to  the  junction-line.  Some  of  the  quartz  contains  calcite. 
There  are  traces  of  fluor  present. 

{e)  Field  east  of,  and  adjoining  Pounder  Lane. 

In  the  field  immediately  east  of  Pounder  Lane  are  several  large 
bosses  of  dark  quartz-rock  which  often  contains  veins  of  fluor.  At 
the  top  of  the  field  are  two  escarpments  of  ordinary  limestone 
dipping  15^  in  an  easterly  direction.  Lower  in  the  series  may  be 
seen  ordinary  limestone-beds  on  the  same  horizon  as  quartz-rock 
and  quartzose  limestone  with  quartz-veins.  Lower  still,  close  ta 
the  lane,  are  several  bosses  of  quartz-rock  and  limestone  arranged 
nearly  parallel  to  the  lane  and  on  one  horizon.  Above  the  escarp- 
ment are  limestone-beds  dipping  in  the  same  direction  :  these  are 
probably  on  the  same  horizon  as  the  quartz-rock  described  above. 

The  quartz-rock  often  contains  holes  as  big  as  a  man's  fist. 
They  are  no  doubt  due  to  the  weathering  out  of  lumps  of  quartzose 
limestone.  Portions  of  the  latter  are  often  embedded  in  the  quartz- 
rock.  In  places  the  carbonate  of  lime  has  weathered  out,  leaving 
loose  quartz-crystals,  which  are  easily  washed  away.  The  various 
stages  of  this  process  may  be  seen. 

No.  647  is  a  quartz-rock,  of  the  Top  Lift  type,  containing  fluor  in 
detached  pieces  and  in  plates  which  include  quartz-crystals,  re- 
mindiug  one  of  ophitic  structure.  The  quartz-grains  are  generally 
elongated,  but  do  not  possess  crystalline  outline. 

No.  425,  sp.  gr.  2'()5,  a  few  inches  from  No.  547.  Quartz-cr}'stals 
in  calcite.  The  quartz  generally  possesses  a  crystalline  outline,  often 
giving  hexagonal  cross-sections.  Sometimes  a  hexagonal  section  at 
right  angles  is  seen  embedded  in,  or  on  the  edge  of,  a  section  parallel 
to  the  axis,  showing  that  the  two  penetrate  each  other  at  right 
angles.  In  places  the  quartz-grains  form  an  aggregate  resembling 
the  quartz-rock.  The  crystals  often  contain  calcite.  The  residue 
consists  entirely  of  quartz-crystals  or  clusters  of  the  same.     The 
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size  of  the  crystals  varies  from  *5  x  '15  mm.  to  *15  x  *05  mm. 
Two  often  penetrate  each  other  at  right  augles,  foiming  & 
penetration-twin. 

No.  434,  sp.  gr.  2-64,  ahout  1  foot  from  No.  425.  A  foraminiferal 
limestone,  containing  numerous  quartz-crystals  iu  bipyramidal 
prisms.  Some  of  those  contain  a  small  quantity  of  ealcit'C,  which 
in  one  case  is  arranged  zoually.  Many  of  the  foraiuinifera  are 
penetrated  by  quartzHjrystals,  which  fact  proves  that  the  quartz  is 
later  than  the  organisms  and  therefore  of  secondary  growth.  The 
residue  consists  entirely  of  quartz-crystals,  which  sometimes 
penetrate  each  other  at  right  angles.  They  vary  iu  size  from 
•80  X  -20  mm.  to  -10  X  "0376  mm. 

No.  745,  a  few  feet  from  No.  434,  is  a  piece  of  white  limestone 
surrounded  b^  and  embedded  in  the  darker  quartz- rock.  It 
consists  of  foraminifera,  fragments  of  organisms,  and  a  small 
quantity  of  crystalline  calcite.  Very  few  quartz -crystals  are  presents 
The  residue  consists  of  quartz-crystals,  which  vary  in  size  from 
•30  X  -10  mm.  to  •lO  x  -025  mm. 

No.  744,  about  20  feet  from  No.  434,  but  on  the  opposite  side  of 
it  to  No.  745.  This  is  from  a  small  outcrop  of  limestone,  which  is  a 
few  feet  from  one  of  the  quartz-rocks,  and  separated  from  it  by  grass. 
It  is  a  limestone  containing  foraminifera  and  other  organisms. 
There  is  a  large  number  of  quartz-crystals  present.  The  residue 
oonsists  entirely  of  quartz-crystals,  varying  in  size  from  -80  x  '20  mm, 
to  '15  X  *05  mm.     Two  often  penetrate  each  other  at  right  angles. 

The  preceding  specimens  are  from  about  the  same  horizon, 
assuming  the  rock  originally  to  have  had  the  same  dip  as  the 
ordinary  limestone  above  it  in  the  same  field. 

The  following  are  from  a  higher  horizon : — 

No.  741.  A  foraminiferal  limestone,  with  very  few  quartz- 
orystals  and  fragments  of  organisms.  One  foraminifer  is  pierced 
by  a  crystal  of  quartz.  The  small  amount  of  residue  consists  only 
of  quartz-crystals,  always  separate,  varying  in  size  from  '40  x 
•125  mm.  to  05  x  -025  mm. 

No.  742,  near  No.  741.  A  foraminiferal  limestone,  with  few  small 
quartz-crystals  and  some  crystalline  calcite.  The  residue  consists 
of  quartz-crystals,  varying  in  size  from  '25  x  '05  mm.  to  '05  x 
•0125  mm.,  and  two  or  three  small  fragments  of  a  non-crystalline 
material. 

No.  743,  20  feet  from  No.  742,  is  similar  to  it,  and  contains  shell' 
fragments.  The  residue  consists  of  quartz-crystals,  varying  in  size 
from  -20  x  '05  mm.  to  '04  x  '01  mm.,  and  a  few  small  pieces  of 
brown  opaque  material. 

(/)  Moorlands  Lane. 

In  Moorlands  Lane,  near  its  junction  with  Moor  Lane,  about  1 
mile  north-west  of  Bonsall,  is  a  small  quarry  in  which  the  quartz- 
rock  has  been  worked.^ 

^  Tbia  is  probably  the  white  chert  or  china-stone  qoariy  mentioned  by  Farey, 
*  General  View  of  Agric.  k  Minerals  of  Derbyshire/  toI.  i  (1811)  p.  274. 
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No.  699  is  a  quartzite  of  the  Top  Lift  type.  A  few  small  veins  of 
quartz  run  through  the  section.  Some  of  the  grains  have  a 
crystalline  outline,  and  contain  rough  zones  or  inclusions  of  calcite. 
A  similar  rock  was  also  found  hetween  Uppertown  and  Bonsall,  and 
near  Brightgat^. 

III.  Thb  Nobthebn  Abba. 

Specimens  were  examined  from  the  following  localities : — 


(ff)  Pindale. 
(h)  Bathamgate. 
(J)  Brock  Tor. 
(k)  Oxluw  Rake. 
(/)   DoTeboIes. 


(ff)  Pindale. 

In  about  half-a-dozen  fields  which  lie  west  of  Pindale,  and  hetween 
Birtlow  Rake  and  Bradwell  Moor  Farm  (6-inch  Map  10,  S.W.), 
the  ground  is  fairly  well  covered  with  isolated  blocks  and  masses  of 
quartz-rock.  A  few  isolated  blocks  of  similar  rock  are  found 
along  the  south  side  of  Oxlow  Eake,  which  is  a  continuation  of 
Dirtlow  Rake.  At  the  head  of  Pindale  they  often  contain  nodules 
of  chert. 

No.  592,  sp.  gr.  2*52.  quartz-rock,  north  side  of  Pindale,  is  a  fine- 
grained rock,  consisting  of  quartz  with  a  dark-coloured  material 
filling  the  spaces  between  the  crystals.  Under  a  1-inch  objective 
the  crystals  are  much  elongated,  and  give  lath-shaped  sections  like 
felspars;  but  they  are  not  twinned,  and  always  show  straight 
extinction.  Their  boundaries  are  not  crystalline,  but  their  edges 
Are  often  notched  like  the  teeth  of  a  cog-wheel,  due  to  penetration 
or  interlocking  of  adjacent  crystals. 

No.  593,  sp.  gr.  2*50,  is  very  similar  to  No.  592,  and  the  same 
'description  will  suffice.  The  block  contains  chert-nodules.  A 
nodule  from  another  block  contained  part  of  a  fossil  shell. 

From  the  manner  in  which  these  blocks  lie  about  on  the  grass, 
it  is  impossible  to  make  out  their  relation  to  the  limestone-beds. 
But  on  the  opposite  side  of  the  valley  of  Pindale  there  is  a  boas  of 
rock  which  is  on  the  same  horizon  as  the  limestone  a  few  yards 
Away,  and  which  in  its  occurrence  and  microscopical  structure  is 
very  similar  to  the  Pounder  Lane  rock. 

This  outcrop  was  carefully  worked  over,  hammer  in  hand,  all 
■chips  broken  off  being  subjected  to  the  lens.  Five  specimens  were 
selected,  and  thin  slices  were  prepared  from  them. 

No,  586,  sp.  gr.  2*60,  consists  of  quartz  and  fluor.  The  latter 
mineral  occurs  in  irregularly-shaped  patches,  enclosing  small 
prisms  of  quartz  terminated  by  pyramids,  and  reminding  one  of 
ophitic  structure.  It  has  an  uneven  violet  colour,  and  contains 
many  cleavage-lines,  which  meet  at  angles  varying  from  f>3°  to  78®. 
The  greater  portion  of  the  slice  is  composed  of  quartz,  the  crystals 
of  which  interlock. 
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No.  587,  2  iDcbes  below  No.  586,  is  a  piece  of  limestone  enclosed 
in  the  quartz-rock,  and  gradually  shading  off  into  it.  Several 
encrinite-stems  are  seen  in  a  hand-specimen.  Under  the  microscope 
the  base  is  mainly  crystalline  calcite,  with  no  traces  of  organisms — 
except  an  encrinite-stem  which  contains  a  crystal  of  quartz.  The 
quartz-crystals  have  regular  boundaries,  and  occur  singly  or  in 
groups  or  clusters. 

No.  688,  sp.  gr.  2*63,  2  yards  below  No.  587,  is  a  quartjcose 
limestone.  It  contains  traces  of  organisms,  probably  sections  of 
shells  which  are  partly  replaced  by  masses  of  quartz-crystals  and 
single  crystals,  and  also  a  section  of  an  encrinite-stem. 

No.  589,  sp.  gr.  2-63,  2  yards  below  No.  587.  A  forarainiferal 
limestone.  The  quartz  occurs  mostly  in  separate  crystals,  which 
have  well-defined  crystaUine  boundaries.  A  characteristic  of  this 
slice  is  the  great  number  of  foraminifera  which  contain  and  are 
penetrated  by  quartz-crystals,  clearly  indicating  that  the  quartz  is 
secondary  and  later  than  the  organisms,  and  is  in  fact  a  replace- 
ment of  them.  There  is  very  little  of  the  aggregate  of  quartz- 
grains  as  seen  in  the  two  previous  slices.  The  residue,  after 
solution  in  hydrochloric  acid,  consists  entirely  of  quartz-crystals ; 
these  vary  in  size  from  "60  x  '09  mm.  to  '07  x  '02  mm. 

No.  590,  on  the  same  horizon  as  the  preceding  and  a  yard  or  sa 
distant,  sp.  gr.  2*587.  Limestone  containing  foraminifera,  oolitic 
grains,  and  shell-fragments.  Some  of  the  organisms  are  penetrated 
by  quartz-crystals.  The  quartz  occurs  also  in  groups  or  bunches  of 
crystals,  which,  under  polarized  light,  form  a  mosaic,  and  in  the 
residue  occur  as  a  bundle  of  quartz-crystals,  the  pyramidal  points 
projecting  outward  in  every  possible  direction.  The  residue  is 
quartz  only,  in  bunches  and  separate  crystals,  the  latter  varying 
in  size  from  '32  x  06  mm.  to  -03  x  '01  mm.  A  few  chert- 
nodules  were  seen  in  some  of  the  quartz-rock  on  this  side  of  the 
valley.  The  rock  weathers  black,  and  often  contains  blue  fluor. 
It  shows  no  traces  of  bedding.  The  softer  parts  weather  out, 
leaving  a  vesicular  or  pitted  surface,  similar  to  that  of  the  Pounder 
Lane  rock.  Some  lower  beds,  a  short  distance  down  the  Dale,  consist 
of  limestone  with  partings  and  nodules  of  chert  containing  casts  of 
encrin  ite-stems. 


(A)  Bathamgate  (6-inch  Map  15,  N.E.) :  about  800  feet 
south  of  Moss  Hake. 

The  quartz-rock  occurs  in  isolated  blocks  at  the  western  end  of 
the  Bake. 

Nos.  577,  580,  sp.  gr.  2*50.  These  are  similar  in  structure  to 
the  Top  lift  quartz-rock. 

No.  578,  sp.  gr.  2-47.  This  and  No.  579  differ  from  the 
specimens  previously  described.  The  rock  consists  mainly  of  large 
quartz-grains  forming  a  granitic  structure,  with  smaller  ones  of 
sometimes    hexagonal    outline    embedded    in,  and  filling   spaoe& 
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between  tbem.     It  might  be  described  as  an  intimate  mixture  of 
granitic  and  microgranulitic  (Michel-L^vy)  quartz. 

No.  579.  The  grains  vary  much  in  sine,  and  many  of  the  larger 
among  them  are  elongated.  Zonal  inclusions  are  frequent,  and  are 
in  several  cases  arranged  in  the  form  of  a  regular  hexagon  or  a  section 
of  the  prism  with  pyramidal  terminations,  though  the  grain  itself 
possesses  no  crystalline  outline.  In  the  former  case  the  grain 
remains  extinct  between  crossed  nicols,  in  the  latter  it  extinguishes 
with  the  axis  of  the  prism.  These  facts  show  that  the  grains  are 
not  a  secondary  growth  around  detrital  quartz,  but  that  they 
originally  had  a  crystalline  outline,  and  then  interfered  with  eaon 
other's  growth :  that  they  were  in  fact  idiomorphic,  and  then  became 
Allotriomorphic.  The  structure  is  a  combination  of  the  granitic  (with 
a  tendency  for  some  grains  to  become  elongated  in  the  direction  of 
the  axis  of  the  prism)  and  the  microgranulitic. 


{j)  Brock  Tor  (6-inch  Map  9,  S.E.),  immediately  north 
of  Moss  Bake. 

This  rock  is  similar  to  that  of  Bathamgate,  both  in  the  field  and 
under  the  microscope. 


(k)  Oxlow  Rake  (6-inch  Map  9,  S.E.). 

The  few  isolated  blocks  near  this  Rake  are  quartz-rock  of  the  Top 
lift  type. 

(/)  Doveholes  (6-inch  Map  15,  N.W.),     Old  Quarry  near 
Bull  Ring. 

I  have  not  been  successful  in  finding  any  quartz-rock  in  this 
quarry,  but  a  small  quantity  of  the  limestone  in  one  place  contains 
numerous  quartz- crystals.  They  appear  to  be  local,  and  the 
quartzose  limestone  shades  off  quickly  into  the  ordinary  white 
limestone.     Two  thin  sections  were  examined. 

No.  443,  sp.  gr.  2-65,  is  a  limestone  with  few  foraminifera  and  a 
large  number  of  quartz-crystals.  The  quartz  often  contains  calcite 
in  zones,  but  more  often  in  irregular  patches.  The  two  are 
sometimes  blended,  as  if  the  quartz  were  in  the  act  of  crystallizing 
round  a  portion  of  the  adjacent  calcite.  Where  the  quartz  is 
surrounded  by  fibrous  calcite,  it  often  contains  inclusions  of  the 
latter  mineral  arranged  roughly  parallel  to  the  fibres. 

No.  444  consists  of  calcite,  with  possibly  a  few  traces  of  fora- 
minifera, and  many  quartz-crystals.  The  quartz  often  contains 
ealcite.  The  residue  consists  of  quartz-crystals,  varying  in  size 
from  -35  x  -10  mm.  to  -10  x  -025  mm. 

It  is  interesting  to  contrast  the  microscopic  structure  of  the 
foregoing  rocks  with  the  chert  and  the  <  siliceous  limestone '  near 
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Bakewell,  described  in  the  Greological  Survey  Memoir  of  North 
Derbyshire,  2iid  ed.  (1887)  p.  166. 

Under  the  microscope  the  chert-nodules  consist  of  a  cryptocrystal- 
line  quarts-mosaic,  with  flecks  of  oalcite  distributed  through  it. 
The  *  siliceous  limestone'  consists  of  a  microcrystalline  quartz- 
mosaic,  often  passing  into  cryptocrystalline  structure  which  contains 
small  patches  of  the  former.  The  threads  of  silica  consist  of  a 
mosaic  of  clear  quartz-grains,  without  any  crystalline  outline,  and 
not  elongated.     They  traverse  a  cryptocrystalline  quartz. 

This  siliceous  rock  is  probably  a  replacement  of  limestone  by 
silica,  which  has  not  crystallized  out  like  that  in  the  quartz-rock 
described  in  the  former  part  of  this  paper.  It  is  more  allied  to 
chert. 

lY.  The  Quabtz-bock  is  a  Limestone  which  has  bbbn 

BEPLACEB  BT  CbTSTALLINE  QXTAJtrZ. 

It  is  well  known  that  quartz- crystals  occur  in  limestone :  some  re- 
ferences will  be  found  in  Mr.  Wethered's  paper.^  It  does  not  appear, 
however,  that  the  crystals  have  been  previously  found  in  large 
quantities.  Out  of  30  lbs.  of  limestone  from  Caldon  Low  dissolved 
by  Mr.  Woodcroft,  3  oimces  only  of  quartz-crystals  were  obtained,^ 
In  the  thin  sections  of  limestone  which  I  have  examined  from  other 
parts  of  Derbyshire  the  quartz-crystals  are  seldom  present,  while  in 
the  limestone  in  contact  with  the  quartz-rock  they  often  form  half, 
or  a  greater  portion  of  the  thin  slice. 

In  1881  Lang  described  a  quartzite  which  consisted  of  inter- 
locking grains  of  quartz.     In  one  locality  it  contained  fossils.' 

In  the  following  year  Groddeck  described  a  silicified  Devonian 
coralline  limestone,  which  under  the  microscope  consisted  of  a  very 
fine-grained  mass  of  quartz.* 

In  1887,  in  the  Geological  Survey  Memoir  of  North  Derbyshire, 
the  Pindale  blocks  were  mentioned,  and  the  following  explanation 
was  given  of  their  origin : — •  At  the  head  of  Pindale  they  distinctly 
occur  as  a  bed  in  the  limestone,  and  the  vast  number  of  loose  blocks 
seem  to  have  been  left  by  the  removal  of  the  limestone  round  them. 
They  seem  to  have  been  a  very  cherty  limestone,  or  in  some  cases  a 
bed  of  chert  with  patches  of  limestone.  As  a  result  of  aqueous 
metamorphism  the  limestone  was  removed,  and  its  place  taken  by  a 
white  sand,  resulting  from  the  decomposition  of  chert '  (p.  130). 

In  ld90  Loretz  drew  attention  to  some  loose  quartz-blocks  in  the 
district  of  {Schwarzburg,  which  he  described  as  due  to  the  silioi- 

^  '  On  Insolable  Besidues  obtained  from  the  OarboniferoQS  Limestone  Series 
at  Oiihon*  Quart.  Journ.  Gkol.  8oo.  vol.  xliv  (1888)  pp.  19*,  195. 

^  W.  J.  8olliw»,  *0n  tlie  Plint-Nodulea  of  the  Triiuiagham  Chalk/  Ann.  & 
Mag.  Nat  Hist  ser.  5,  vol.  vi  (1880)  pp.  445-447. 

'  •  Ueber  Sedimentar-Gesteine  aus  der  (Jmgegend  Ton  GKJttingen/  Zeitschr. 
denitch.  geol.  Oeeellsch.  toI  x^xiii  (1881)  p.  217. 

*  *  Zur  Kenntnissdes  Oberbarzer  Culm/  Jabrb.  d.  k.  preuas.  geoL  Landesanst. 
1882,  pp.  5»-e2. 
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fication  of  PlatteDdolomit,  the  yarioas  stages  of  which  were  seen 
from  the  carbonate  up  to  the  fully  altered  rock.  At  another  locality 
he  found  a  similar  quartzite  containing  Productus  honridus^  and 
considered  it  to  be  an  alteration -product  of  Zechsteinkalk.' 

In  1892  Mr.  Griswold  described  a  soft  Ouachita  rock,  in  which 
he  considered  that  the  calcite  was  decomposing  and  being  replaced 
by  quartz,  and  also  a  spotted  chert  which  was  probably  an  oolitic 
limestone,  the  grains  of  which  were  being  replaced  by  silica.^ 

Two  years  later,  Mr.  Rutley,  in  a  paper  read  before  this  Society, 
suggested  that  certain  quartzites  were  originally  limestones,  now 
replaced  by  silica ;  and,  in  the  discussion  which  followed.  Prof.  Hull 
expressed  the  opinion  that  better  evidence  of  so  remarkable  a  change 
would  be  required  before  that  author  s  views  could  be  accepted.' 

Last  year  Sir  Archibald  Geikie  described  a  specimen  of  silicified 
limestone  from  County  Meath,  in  which  he  said  that  new  quartz  had 
grown  in  optical  continuity  with  and  around  grains  of  grit,  and  that  it 
was  originally  a  gritty  oolitic  limestone,  wherein  the  calcite  had  been 
replaced  by  quartz,  and  the  silica  had  been  introduced  in  solution.* 
By  the  kindness  of  Prof.  Watts  I  saw  the  specimen,  and  examined  a 
thin  slice  of  it  under  the  microscope.  It  appeared  to  me  very 
similar  to  the  Derbyshire  rock,  but  more  decomposed,  and  may  have 
had  a  similar  origin. 

In  the  Derbyshire  rocks  which  form  the  subject  of  this  paper  one 
cannot  help  noticing  the  intimate  association  that  exists  between 
the  quartz>rock  and  the  quartzose  limestone.  In  some  localities  the 
quartz -rock  alone  is  found,  the  softer  rocks  having  been  entirely 
removed  from  around  it  by  denudation,  or  the  junction  being 
covered.  But  in  other  places  (except  in  Doveholos  Quarry V 
wherever  the  quartzose  limestone  occurs,  there  we  find  the  quartz- 
rock.  A  quartz-vein  generally  has  the  quartzose  limestone  adjoining 
it  on  either  side,  and  lumps  of  quartzose  limestone  are  often  found 
in  the  quartz-rock,  and  shading  off  into  it.  There  is,  in  fact,  a 
gradual  passage  from  the  quartz-rock,  through  the  quartzose  lime- 
stone, to  an  ordinary  limestone,  which  contains  few,  if  any,  crystals 
of  quartz.  In  the  quartzose  limestone  the  quartz  occurs  not  only 
in  individual  crystals,  but  also  in  aggregates  of  crystals,  which  have 
the  same  structure  as  the  quartz-rock. 

Quartz,  therefore,  is  present  in  the  limestone  under  discussion  as 
numerous  separate  crystals,  in  groups  of  crystals,  and  on  a  larger 
scale  as  veins  and  bosses  of  quartz-rock.  The  difference  is  merely 
one  of  degree,  and  we  are,  I  think,  justified  in  ascribing  a  common 
origin  to  the  quartz  in  the  quartzose  limestone  and  in  the  quartz- 
rook. 

^  Zeitsohr.  deutsob.  geol.  Qesellsch.  toI.  xlii  (1890)  p.  371. 
^  Ann.  Bep.  Geol.  «unr.  Arkausas  for  1890,  vol.  iii  (1802),  *  Whetstones  & 
Novaculites  of  Arkansas.' 

*  '  On  the  Origin  of  certain  Novaculites  &  Quartzites,*  Quart.  Joum.  0«ol. 
Soc.  vol.  I  (1894)  pp.  377-392. 

*  Ann.  Kep.  GeoL  Surv.  U.  K.  for  1896  [1897],  p.  58. 
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The  quartz-rock  is  not  a  sandstone  or  a  gritty  limestone  altered 
by  the  growth  of  crystalline  quartz  around  and  in  optical  continuity 
with  the  original  quartz-graius,  but  on  the  contrary  is  due  to  a 
growth  of  quartz  around  what  were  originally  isolated  crystals  of 
the  same  mineral.  The  evidence  for  this  opinion  is  the  presence  of 
zonal  calcite  in  the  grains  which  now  form  a  quartz- mosaic,  and 
the  absence  (which  by  itself  would  not  be  conclusive)  of  anything 
like  detrital  quartz-grains  either  in  the  rock  itself  or  in  the 
surrounding  limestone,  or  in  any  of  the  residues  examined. 

The  quartz  has  not  been  formed  from  chalcedonic  silica,  other- 
wbe  we  should  expect  to  find  some  traces  of  it  in  a  thin  section  or 
in  the  residues.  The  latter  consist  only  of  crystalline  quartz. 
Mr.  Wethered  found  in  the  limestone  at  Clifton  that  amorphous 
and  chalcedonic  silica  and  crystalline  quartz  frequently  occurred  in 
the  same  fragment.^ 

The  presence  of  chert  in  the  quartz-rock  at  the  head  of  Pindale 
and  of  part  of  a  foraminifer  in  the  similar  rock  of  Pounder  Lane, 
and  the  frequent  penetration  of  organisms  by  quartz-crystals  in  the 
quartzose  limestone,  are,  I  think,  evidence  that  the  quartz  in  these 
rocks  is  a  replacement  of  the  limestone.  We  may  therefore  assume 
that,  just  as  the  separate  crystals  and  small  groups  of  cr}'stals  of 
quartz  have  replaced  parts  of  the  organisms  in  the  limestone  and 
also  small  portions  of  the  limestone  itself,  so  the  quartz-rock  has 
replaced  larger  portions  of  limestone. 

In  some  places,  such  as  Pindale  and  the  Top  Lift,  the  whole  of 
the  lim^tone  and  quartzose  limestone  have  been  weathered  away, 
leaving  the  quartz-rock  in  basses  or  loose  blocks.  In  other  places 
patches  of  the  softer  rocks  are  left,  which  show  the  gradual  transi- 
tion from  the  quartzite  to  ordinary  limestone. 

V.  Tub  Origin  op  the  Quartz. 

Mr.  Wethered  reduces  the  possible  modes  of  ongin  of  the  quaitz- 
cr>-8tals  in  the  Carboniferous  Limestone  Series  at  Clifton  to  four.* 

The  crystals  in  the  Derbyshire  rock  are  obviously  not  detrital. 
I  have  already  shown  that  they  are  not  due  to  secondary  crystal- 
lization around  detrital  grains  of  quartz,  and  that  they  are  not  the 
result  of  the  crystallization  of  chalcedonic  or  amorphous  silica. 
There  is  left  only  the  fourth  case,  which  is  that  of  simple  crystal- 
lization of  silica  out  of  a  siliceous  solution.  This  is  the  origin 
suggested  by  Prof.  Sollas  for  the  small  quantity  of  quartz-crystals 
often  found  in  limestone,  and  it  is,  I  consider,  the  origin  of  the 
quartz  in  the  quartz-rock  and  the  quartzose  limestone. 

There  is  room  for  speculation  as  regards  the  source  of  the  silica. 
It  may  have  been  derived  from  siliceous  organisms  in  the  limestone, 
or  more  probably  from  deep-seated  thermal  waters  containing  silica 
in  solution. 

'  Quart.  Joum.  Geo!.  Soc.  vol.  xliv  (1888)  p.  194. 
'  fbid.  p.  ll)j. 

Q.  J.  G.  S.  No.  214.  0 
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The  irregularly-shaped  bosses  and  the  reins  of  quartz-rock,  and 
the  juxtaposition  with  them  of  the  quartzose  limestone,  are  result* 
which  might  be  expected  if  the  silica  was  derived  from  thermal 
waters.  This  theory  would  also  explain  both  the  origin  of  the 
silica  and  the  removal  of  the  limestone  which  it  has  replaced. 


EXPLANATION  OF  PLATES  XI  &  XIL 
Plate  XI. 

Map  of  the  district  north-east  of  Bonsall,  on  the  scale  of  12|  incbee=l  mile, 
showing  the  distribution  of  the  quartz-rock  and  the  quartzose  limestone. 

Plati  XII. 

(The  figures  are  pbotograpbed  by  the  author  from  the  microscope,  the  first 
five  in  polarized  lignt  and  between  crossed  niools,  the  sixth  in  ordinary  hgbt) 

Pig.  1.  Quartz-crystals  in  fluor.  Pindale  (g).  Traces  of  deavage-planes  of 
the  latter  rainenil  are  seen  in  the  dark  portion  of  the  figure. 
Thin  slice  No.  586.    (See  p.  176.) 

2.  Quartz-rock.    Top  Lift  (a).     The  quartz-grains  are  elongated  in  the 

direction  of  the  principal  axis,  and  extinguish  with  their  length. 
They  do  not  possess  crystalline  outline,  but  closely  interlocL 
Thin  slice  No.  420.     (See  p.  171.) 

3.  Quartz-rock,  Pindale  (g).      Similar  to  fig.  2,  but  of  a  more  finely- 

grained  structure.    Thin  slice  No.  595.    (See  p.  176.) 

4.  QuartzoFC  limestone.    Chert-quarry,  Masson  (6).     Part  of  a  tortuous 

vein  of  quartz  in  a  base  of  cloudy  caloite.  Thin  slice  No.  5d4. 
(See  p.  172.) 

5.  Quartzose  limestone.      North  of  Chert- quarry  (e).     Quartz-crystnls 

containing  calcite-zones.  A  large  quartz-grain  is  seen  with  zones 
marking  successive  stages  of  growth.  Thin  slice  No.  427.  (i:ee 
p.  172.) 

6.  Quartzose  limestone,  Pindale  (g).    A  foraminiferal  limestone  allowing 

an  organism  pierced  by  a  quartz- crystal.  Thin  slice  No.  589. 
(See  p.  177.) 

Discussion. 

Prof.  BoKNET  said  that  he  thought  the  Author  had  quite  made 
out  his  case.  The  chert  in  the  Carboniferous  Limestone  was 
perhaps  a  stage  in  the  same  direction ;  the  Upper  Greensand 
at  Yentnor  was  converted  in  a  similar  way  into  chert,  and  the 
Portland  oolite  was  locally  converted  into  chert.  It  would  be 
interesting  to  know  whether  the  process  now  described  was  by  trans- 
ference of  silica  from  organisms,  or  was  from  thermal  springs,  as 
was  prohably  the  case  in  the  Stotfield  sandstone  near  Elgin. 

Prof.  Watts  said  that  he  had  ohserved  several  cases  of  the 
growth  of  quartz-crystals  in  limestone,  though  the  process  had 
never  gone  quite  so  far  as  the  extreme  cases  mentioned  by  the 
Author.  Instances  from  the  South  and  Centre  of  Ireland  and  from 
the  Purbeck  Limestone  indicated  some  widespread  cause,  rather  than 
the  local  one  hinted  at  by  the  last  speaker.  He  paralleled  the 
action  with  the  dolomitization  of  limestones  in  Ireland,  South 
Wales,  and  the  Isle  of  Man  :  cases  in  which  dolomite-crystals  ate 
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up  the  oolitic  limestones,  destroylDg  both  their  structures  and 
organisms,  and  absorbing  their  impurities,  which  in  some  instances 
retained  their  original  arrangement,  but  in  others  became  grouped 
parallel  to  the  outlines  of  the  crystals  of  dolomite. 

Mr.  Stbahan  expressed  his  admiration  of  the  slides  and  spe- 
cimens exhibited  by  the  Author,  and  of  the  oonclusiYe  proof  which 
they  afforded  of  his  argument.  The  dolomitization  of  oolitic  Car- 
boniferous Limestone  in  South  Wales,  referred  to  by  the  previous 
speaker,  seemed  to  be  due  to  a  similar  process  of  alteration,  the 
replacing  mineral  in  both  oases  appearing  first  as  perfect  isolated 
crystals,  scattered  through  unaltered  limestone  regardless  of  the 
organic  structures.  By  a  gradual  increase  in  numbera  such  crystals 
finally  replaced  the  original  constituent,  and  completely  obliterated 
all  organic  structure.  The  source  of  the  carbonate  of  magnesia, 
however,  was  no  less  obscure  than  that  of  the  silica.  Some  of  the 
Carboniferous  Limestones  of  North  Wales  contain  doubly-terminated 
crystals  of  quartz,  bat  not  in  such  abundance  as  in  the  cases  now 
described.  Galena  also,  in  the  neighbourhood  of  a  lead-vein,  occurs 
as  isolated  crystals  embedded  in  solid  unaltered  limestone. 

The  Rev.  H.  H.  Winwood  also  spoke. 

The  AuTHOB  replied  that  the  microscopic  structure  of  the  quartz- 
rock  differed  entirely  from  that  of  chert;  and  that  the  insoluble 
residue  of  the  quartzose  limestone  consisted  of  quartz-crystab,  and 
contained  no  chalcedonic  or  amorphous  silica. 
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13.  On  some  Gravels  of  the  Baoshot  District.     By  Horace  W. 
MoNCKTON,  Esq.,  F.L.S.,  F.G.S.     (Read  January  19th,  1898.) 

Ik  1891 1  brought  before  the  Society  a  paper  on  the  beds  of  gravel 
-which  occur  on  the  hills  and  in  the  valleys  of  the  district  south  of 
the  Thames  between  Guildford  and  Newbury.  In  that  paper  I  drew 
particular  attention  to  the  composition  of  the  gravel,  and  showed 
that  gravel  of  a  very  uniform  character  extends  in  some  cases  over 
a  considerable  area  (in  one  case  over  a  length  of  nearly  10  miles), 
whereas  other  gravels  in  the  near  neighbourhood  have  different 
and  yet  curiously  persistent  characteristics.  These  peculiarities 
seemed  so  difBcult  to  explain,  on  any  theory  vrhich  attributed  the 
formation  of  the  gravels  to  the  action  of  the  sea,  that  I  arrived  at 
the  conclusion  that  they  were  river-gravels — their  peculiarities  of 
composition  depending  upon  the  geological  structure  of  the  drainage- 
areas  of  different  rivers. 

Sir  Joseph  Prestwich  appears  to  have  been  inclined  to  the  same 
conclusion.     He  says,  writing  in  1890  : — 

'  As  the  channels  of  the  early  streams  became  deeper  and  larger, 
and  the  Lower  Greensand  more  exposed,  the  mass  of  debris  carri'Mi 
down  increased,  and  the  proportion  of  chert  and  ragstone  became 
greater.  It  was  then  that  were  formed  the  extensive  plateaux  of 
gravel  of  the  Chobham  and  Frimley  Downs,  and  of  the  other  hills 
we  have  named  in  Berkshire,  Hampshire,  and  Surrey.'  * 

With  this  I  quite  agree,  but  in  the  next  paragraph  Sir  Joseph 
says,  *  We  are  without  a  clue  as  to  whether  fluviatile  or  marine 
action  had  to  do  with  their  origin  ' ;  but,  he  continues,  *  It  is  not 
improbable  that  they  are  in  part  of  subaerial  origin.' 

In  1883  the  Rev.  Dr.  Irving  suggested  an  estuarine  origin  for  the 
highest  plateau-gravels  of  the  area  with  which  I  am  dealing,^  and 
in  1890  he  expressed  the  opinion  that  their  origin  was  fluviatile, 
though,  if  I  understand  him  rightly,  he  attributed  the  formation  of 
gravels  at  lower  levels  to  marine  action — *  the  work  of  floating  ice 
...  in  the  old  Thames  Straits.' ' 

It  would  seem,  therefore,  that  I  have  the  support  of  both  Sir 
Joseph  Prestwich  and  Dr.  Irving  as  to  the  fluviatile  origin  of  the 
highest- level  gravels,  and  the  evidence  of  composition  on  which  I 
largely  rely  was  not  brought  forward  by  those  authors,  though  both 
agree  that  the  materials  came  from  the  south  and  south-east.* 
I  think,  therefore,  that  I  may  safely  say  that  on  this  point  I  am  on 
fairly  sure  ground. 

All  are,  I  think,  agreed  that  the  low-level  gravels  of  the  Thames 
Valley  are  of  fluviatile  or  at  least  of  subaerial  origin,  and  I  have 
failed  to  find  evidence  which  points  to  the  presence  of  the  sea  in  this 
area  at  any  time  during  or  since  the  deposition  of  the  highest  gravels, 
that  is,  those  of  Upper  Hale,  Aldershot,  and  of  the  North  Downs. 

^  Quart.  Journ.  Geol.  See.  toI.  xlvi,  p.  173. 

^  Proc.  Geol.  Assoc,  vol.  viii,  p.  143. 

*  Quart.  Journ.  Geol.  Soc.  vol.  xlri,  p.  562. 
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Since  I  wrote  the  above-mentioned  paper,  I  have  examined  the 
stones  on  various  modern  beaches,  and  have  noticed  that  stones  of 
whatever  shape  soon  become  rolled  to  pebbles  on  a  sea-beach.  I 
may  mention  the  beach  of  Fecamp  in  Normandy.  The  clitt's  there 
are  lofty,  they  are  composed  of  Chalk  with  a  great  deal  of  flint, 
and  yet  angular  flints  are  quite  rare  on  the  beach.  Now,  the  gravels 
of  the  district  with  which  I  am  dealing  are  largely  composed  of 
flints,  which,  though  they  show  signs  of  the  action  of  water,  are 
far  more  angular  and  irregular  iu  shape  than  those  of  the  sea- 
beaches  which  I  have  examined.  Some  of  the  flints,  indeed, 
show  so  little  sign  of  wear  that  I  am  tempted  to  doubt  whether 
they  could  have  been  transported  to  their  present  position  without 
the  aid  of  ice. 


Fig.  1. — Easihampstead  Plain,  Gravel  Hill:  sarsen  with  rootlet- 
iubu;  large  flints  very  little  rolled  or  waterworn. 


[Level :  400  feet  above  Ordnance  datum.] 

Large  unwaterworn  or  very  little  waterworn  flints  occur  in 
the  gravel  at  Shoppenhan^ers  Farm,  Maidenhead,  110  feet  above 
Ordnance  datum ;  at  the  Hockett,  Cookham  Dene,  351  feet  above 
Ordnance  datum  ;  at  Caversham,  and  other  localities.  But  there  is 
Chalk  at  the  present  surface  of  the  ground  in  close  proximity  to 
thf?8e  places,  and  the  flints  may  have  travelled  only  a  short  distance. 

This  cannot  be  said,  however,  of  the  flints  found  in  the  gravel 
of  Eastbampstead  Plain,  400  feet  above  Ordnance  datum  ;  and  I  have 
a  photograph  (fig.  1)  showing  six  large  flints  which  have  certainly 
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not  been  much  rolled  or  waterworn.  These  I  found  in  a  pit  at 
Gravel  Hill,  one  of  the  northern  spurs  of  the  plateau  of  the  East- 
hampstead  Plain,  and  ^  mile  east  of  the  Easthampstead  Caesar's 
Camp.  The  two  large  blocks  in  the  photograph  (lig.  1,  p.  185)  are 
sarsens.  I  have  seen  similar  flints  in  other  pits  on  this  plateau — at 
Wagbullock  Hill,  for  instance. 

These  flints  are  stained  of  the  brown  colour,  which,  according  to 
Sir  Joseph  Prestwich,*  shows  that  they  have  not  been  derived 
directly  from  the  Chalk,  but  from  an  older  drift.  At  no  time,  how- 
ever, have  they  been  much  waterworn,  and  the  older  drift  must, 
I  should  suppose,  have  been  somewhat  of  the  nature  of  Clay-with- 
flints. 

The  Chalk-outcrop  nearest  to  Gravel  Hill  is  7^  miles  a  little  W. 
of  N.,  but  the  gravel  is  shown  by  its  composition  to  have  come  from 
the  south  or  south-oast,  and  the  nearest  Chalk  at  the  surface  on  t hat 
side  is  10|  miles  distant,  close  to  Tongham.  These  flints  must 
therefore  have  travelled  lOJ  miles,  and  of  course  may  have  come 
from  a  still  greater  distance.  Now  Sir  Charles  Lyell,  speaking  of 
the  South  Hampshire  gravel,  says,  *  The  occasional  occurrence  of 
unrolled  chalk-flints  in  the  gravel,  in  places  where  they  must  have 
travelled  12  miles  from  their  nearest  source,  also  implies  the  aid  of 
ice-action.'  ^ 

Sir  Charles  Lyell  also  considered  the  presence  of  large  angular 
sarsens  enveloped  in  gravel  as  evidence  of  ice-action,'  and  this 
evidence  we  find  on  the  Chobham  Ridges  plateau ;  but  perhaps  I 
may  be  allowed  to  deal  with  the  sarsens  in  some  detail. 

Mr.  W.  H.  Herries  has  described  some  blocks  of  white  sandstone 
which  he  saw  in  the  large  pit  at  St.  Anns  Hill,  Chertsey  ;*  and  I 
have  seen  such  blocks  there  unwaterwom,  and  no  doubt  from  Lower 
Bagshot  Beds. 

Sir  Joseph  Prestwich  considered  that  the  greater  number  of  the 
sarsens  scattered  over  part«  of  the  South  of  England  were  from  the 
Beading  Beds,  and  with  this  I  think  most  of  us  agree ;  he,  however, 
also  records  sarsens  from  the  Bagshot  Beds,  though  he  says  that  he 
has  never  seen  them  in  sandpits  or  roadside-cuttings.* 

Mr.  W.  H.  Herries  says  that  he  has  *  never  seen  a  sarsen-stone 
in  the  Upper  Bagshot  Beds  themselves,'  and  that  the  example  at 
St.  Ann's  HiU  already  referred  to  is  *  the  only  instance  of  stone 
resembling  sarsen-stone'  that  he  has  seen  in  the  Bagshot  Beds.* 
Nor  have  I  ever  seen  a  sarsen  in  situ  in  imdisturbed  Bagshot  Sand ; 
and,  with  the  exception  of  the  St.  Ann's  Hill  specimen,  I  never 
remember  seeing  a  sarsen  which  had  not  been  more  or  less  weather- 
worn or  waterworn. 

*  Quart.  Joum.  Geol.  Soc.  toI.  xlvi  (1890)  p.  166. 

*  '  Antiquity  of  Man/  4th  ed.  (1878)  p.  222. 
»  lind.  pp.  182,  221. 

*  Geol.  Mag.  1881.  p.  171. 

'  Quart.  Journ.  Geol.  Soc.  vol.  x  (1854)  p.  129. 

*  Op.  jam  cit.  p.  174. 
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On  July  3rd,  1897,  when  with  the  Geologists'  Association  at 
Woking,  I  was  shown  a  sarsen  in  a  sandpit,  which  was  described  by 
the  workmen  as  having  been  in  the  sand.  The  sandpit  is  at  a 
place  called  Betsford  on  the  Geological  Survey  map,  Sheet  8,  and 
Whitstreet  on  the  new  Ordnance  1-inch  Survey  map,  Sheet  285. 
The  sarsen  was  about  4  feet  in  longest  diameter,  and  had  been 
waterworn.  The  sandpit  is  in  Lower  Bagshot  Beds.  Unfortu- 
nately the  sand  had  all  been  worked  away  from  above  the  sarsen, 
but  the  adjoining  part  of  the  pit  seemed  to  me  to  show  signs  of 
*  run  of  the  hill '  and  of  re-arranged  Bagshot  Beds,  and  I  suspect 
that  the  sand  which  had  been  dug  from  over  the  sarsen  was  not 
Bagshot  Beds  in  situ.  It  b  not  unusual  to  find  sarsens  in  sand  near 
the  surface  of  the  ground,  unaccompanied  by  gravel.  Several  were 
dug  up  when  making  a  new  football-ground  at  Wellington  College, 
aud  I  have  kept  two  specimens.  They  are  somewhat  waterworn, 
and  no  doubt  have  been  let  down  from  their  original  position  during 
the  course  of  denudation  of  the  sand  around  them,  as  was  long  ago 
buggested  by  Mr.  Whitaker.*  Of  course,  these  furnish  no  evidence 
of  ice-action. 

In  his  admirable  '  History  of  the  Sarsens,'  Prof.  T.  Rupert  Jones  * 
mentions  some  *  very  fresh  sarsens '  (by  which  I  understand,  stones 
only  a  little  waterworn)  on  Crawley  Hill,  a  spur  from  the  Chobham 
Ridges  plateau.  He  describes  them  as  at  the  bottom,  or  almost  at 
the  bottom,  of  gravel,  and  resting,  or  nearly  resting,  on  the  Upper 
Bagshot ;  and  all  authors  agree  that  this  is  a  very  usual  position 
in  which  to  find  sarsens.     I  have  noted  a  section  which  illustrates 


Fig.  2. — Section  on  Bed  Road^  Chobham  Ridges,  Surrey, 


*: .  :.     Ill 


20  feet 


[The  level  of  the  top  of  the  section  ia  400  feet  above  OrdnaDoe  datum.] 

The  plateau  of  Chobham  Bidges  extends  to  the  weat,  and  the  yallej  is  east 
of  the  section. 

i  =  White  (discoloured)  sand  and  gravel  of  irregular  thickness,  up  to  1  foot, 
ii  =  Gravel  of  subangular  flints,  mnt-pebbles,  Lower  Greensand  chert  and 
ragstone,  and  small  quartz :  6^  feet  thick  at  the  western  or  plateau- 
end  ;  2  feet  at  the  eastern  or  valley-end. 

This  is  Southern  Drift  of  the  Chobham  Bidges  plateau.    A  sarsen 
2^  feet  X  3  inches  is  shown  at  the  eastern  end  of  the  section, 
iii  =  Tellow  sand :  the  lower  part  is  Upper  Bagshot  Beds  in  situ,  the  upper 
part  is  the  sand  of  the  Upper  Bagshot  re-arranged ;   10  feet  exposed. 


*  Geol.  of  Middlesex,  etc.,*  Mem.  (>eoL  Surv.  1864,  p.  72. 
Wilts  Arch,  k  Nat.  Hist.  Soc.  Mag.  1886,  p.  1*22. 
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this  remarkably  well.  It  is  a  cutting  on  a  road,  named  Red  Road 
on  the  6-inch  map,  on  the  east  side  of  Chobham  Ridges.  The 
cutting  extended  from  the  400-foot  contour-line  down  to  a  level  of 
360  feet  above  Ordnance  datum. 

This  section  (fig.  2,  p.  187)  is  of  especial  interest,  because  it 
•ext'Onds  from  the  surface  down  into  the  Upper  Bagshot  Beds  and 
^hows : 

Ist.  The  irregular  base  of  the  gravel,  which,  it  will  be  seen,  thickens  towards 
the  plateau. 

2nd.  The  pooition  of  a  sarsen  lying  flat  at  tlie  bottom  of  the  gravel. 

•drd.  The  re-arranged  sand  under  the  gravel  pa^ising  down  into  the  Bagshot 
sand  in  situ.  I  was  unable  to  decide  as  to  the  precise  line  between  the 
re-arranged  bed  and  the  Bagshot  bed.  In  the  upper  part  of  the 
said  there  was  an  irregularly  Ptrati  fled  appearance,  which  was  entirely 
absent  in  the  lower  part  of  the  section,  and  which  I  have  never  seen 
in  the  Upper  Bagshot  Beds.    This  is  indicated  by  faint  lines  in  fig.  2. 

I  have  a  number  of  notes  of  sarsens,  large  and  small,  which 
I  have  seen  in  gravel-pits.  Most  of  them  were  at,  or  close  to, 
the  bottom  of  the  gravel,  and  resting  wholly  or  partly  upon  sand ; 
though  it  was  in  most  cases  not  possible  to  say  with  certainty  whether 
the  sand  was  Bagshot  in  xitu,  or  had  been  re-arranged.  I  have 
taken  photographs  of  some  of  these  sarsens,  and  I  propose  to  offer 
•copies  to  the  Society  for  reference. 

U'here  are  some  pits  on  the  top  of  Chobham  Ridges,  close  to  the 
Royal  Albert  Asylum,  and  at  a  level  of  400  feet  above  Ordnance 
<datum,  in  which  sarsens  may  be  usually  seen. 

In  one  place  I  noted  three  sarsens  close  together,  the  largest 
1  foot  5  inches  in  breadth.  They  were  under  5|  feet  of  gravel, 
which  was  very  irregularly  stratiQed  and  much  contorted  in  places. 

I  noted  in  another  place  a  section  showing : — 

1 .  Gravel  with  very  irregular  stratification 6  feet 

2.  Sandy  gravel  with  current-bedding  2  feet, 

and  I  have  often  seen  a  similar  state  of  things  in  the  gravels  at 
Hayes,  Dawley,  etc.,  that  is,  well  stratified  below  and  irregularly 
stratified  or  contorted  above. 

In  a  pit  a  little  south  of  the  last  mentioned,  near  the  Royal 
Albert  Asylum,  the  gravel  is  thinner  (3  to  6  feet)  and  the  sarsens 
are  more  easily  uncovered.  They  are  flat  waterwom  stones ;  the 
largest  that  I  have  seen  measured  11  X  7^  feet  x  1  foot  11  inches. 
On  one  occasion  I  counted  twenty-five  stones  in  this  pit,  each  over 
3  feet  in  length. 

I  took  some  photographs  of  this  pit,  one  of  which  is  reproduced 
as  fig.  3  (p.  189),  and  in  it  several  sarsens  are  shown.  They  had 
n<»t,  I  think,  hern  moved  since  they  were  uncovered :  the  gravel  had 
merely  been  worked  away  from  above  them,  and  the  edge  of  the 
working  is  seen  in  the  photograph  behind  the  sarsens. 

As  I  have  said,  there  is  nothing  to  show  that  the  sand  on  which 
these  stones  rest  has  not  been  re-arranged.  I  could  find  no  sign  of 
fossil  shells  in  the  sarsens,  so  they  may  be  a  consolidated  part  of  a 
re-arranged  bed,  and  I  have  no  doubt  that  some  sarsens  are  con- 
solidated gravel.     I  exhibit  two  sp^imens.     The  first,  a  fragment 
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weighing  a  little  over  500  grammes,  was  given  to  me  by  Prof. 
Rupert  Jones,  E.R.S.,  and  contains  subangular  flints,  flint -pebbles, 
and  small  qaartz-pebbles.  The  second  is  a  fragment  of  a  pebble 
( 145  grammes)  and  contains  small  chips  of  flint :  I  found  it  in 
gravel  on  the  east  side  of  Chobham  Ridges,  300  feet  above 
Ordnance  datum. 


Fig.  3. — Gravel-pit  with  numerous  savsens^  Chohluim  Ridges^ 
406  feet  above  Ordnance  datum. 


I  do  not  suggest  that  the  presence  of  sarsens  at  the  bottom  of  the 
gravel  is  any  evidence  of  ioe-action  ;  but  I  now  come  to  a  case  where 
the  stone  is  actually  in  the  gravel,  and  where  it  seems  to  me  that 
floating  river-ice  would  account  for  the  state  of  things  now  to  be 
seen. 

The  pit  which  I  wish  next  to  describe  is  on  Jackpond  Hill,  one  of 
the  western  spurs  of  Chobham  Ridges.  The  level  is  360  feet  above 
Ordnance  datum. 

In  April,  1891,  I  noted  that  this  pit  showed  5  to  6  feet  of 
orange-coloured  and  red  unstralified  gravel.  On  July  19th,  1897, 
I  visited  the  pit  and  found  a  bett-er  section  open,  showing  that  in 
parts  the  gravel  is  roughly  stratified,  but  it  also  showed  a  great 
deal  of  contortion.  In  one  place  I  saw  a  sarsen  in  the  gravel,  and 
was  able  to  photograph  it.  As  it  was  partly  buried,  I  cannot  say 
what  its  full  size  was,  but  the  exposed  part  measured  3x  1|  feet. 
It  lay  with  an  inclination  to  the  south-east. 

Below  the  stone  4  feet  of  sandy  gravel  was  exposed  (bottom  not 
reached),  and  this  was  irregularly  but  distinctly  stratified.     Above 
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the  top  of  the  stone  there  was  2|  feet  of  gravel  and  surface-earth. 
The  gravel  ahove  and  at  the  sides  of  the  stone  showed  scarcely  any 
sign  of  stratification.  There  can  thus  he  no  douht  that  this  large 
stone  was  moved  during  the  deposition  of  the  gravel,  hut  though 
waterwom  it  retains  its  angular  form  to  a  great  extent,  and  it 
seems  to  me  that  the  position  of  this  sarsen,  together  with  the  con- 
tortions in  the  gravel,  furnishes  evidence  of  the  presence  of  ice  in 
the  river  by  which  the  gravel  was  laid  down. 

For  many  years  gravel  has  been  worked  for  roads  at  Penny  Hill, 
near  Bagshot.  The  level  is  400  feet  above  Ordnance  datum,  and 
the  hill  is  practically  part  of  the  Chobham  Ridges  plateau.  The 
sections  frequently  show  that  the  gravel  is  to  a  great  extent  of  an 
unstratified  and  mottled  character.  In  August  last  I  saw  a  small 
sarsen,  2  feet  from  the  surface  of  the  ground  and  2^  feet  from 
the  bottom  of  the  pit,  the  whole  side  of  the  pit  being  formed  of 
gravel  with  scarcely  a  sign  of  stratification. 

The  Rev.  Dr.  Irving  has  described  a  completely  unstratified 
gravel  at  this  same  level  (400  feet  above  Ordnance  datum)  at  Broad- 
moor, which  is  on  a  part  of  the  plateau  of  the  Easthampstead  Plain, 
and  evidently  contemporaneous  with  the  gravel  that  I  have  been 
describing  on  the  adjoining  Chobham  Ridges  plateau.  Dr.  Irving 
suggests  that  it  may  be  a  glacial  deposit  of  Pliocene  age.^ 

Through  the  kind- 
ness of  Prof.  Rupert   ^^S*  ^« — Section  in  Windsor  Ride  Oravel-pit, 


Jones,  F.R.S.,  I  am 
able  to  reproduce 
a  sketch  (fig.  4) 
taken  by  himself  in 
1863,  which  repre- 
sents an  irregularly- 
shaped  block  of 
brown  sand  6x3 
feet  in  gravel.  Prof. 
Rupert  Jones  con- 
siders that  this  block 
was  probably  froscen 
when  embedded  in 
the  gravel,  and  that 
it  is  consequently 
evidence  of  the  pre- 
sence of  ice  in  the 
waters  by  which  the 
gravel  was  deposited. 


Camherley  (reproduced^  by  permission^ 
from  a  drawing  made  on  the  spot  by  Prof. 
T.  Rupert  Jones,  May  24tA,  1863;. 


i= White  (discoloured)  sand  and  gravel,  with  ablack 

irregular  line  at  the  bottom. 
ii= Gravel. 


On  the  same  plateau  as  these  examples  are  numerous  instances 
of  well-stratified  current-bedded  gravels.  We  have  therefore  ex- 
amples of  stratified,  contorted,  unstratified,  and  mottled  gravel,  all 
on  the  same  plateau,  and  all,  I  should  say,  of  the  same  age. 
Moreover,  these  features  are  present  in  gravel  at  all  sorts  of  levels, 


Quart.  Joum.  Gheol.  See.  voL  xlvi  (1890)  p.  661,  note. 
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from  that  of  the  Chobham  Ridges  plateau  down  to  the  level  of  the 
Thames. 

Sarsens,  too,  are  found  in  gravels  of  very  various  levels.  In 
August  1897,  I  saw  one  in  a  pit  292  feet  above  Ordnance 
datum,  close  to  a  ford  over  the  Wishmoor  Stream  on  Olddean 
Common.  Its  size  was  3^x3^x1=1  feet.  It  was  tilted  to  the 
south,  above  it  was  4  feet  of  gravel,  and  there  was  a  little  gravel 
under  the  northern  end,  while  the  southern  end  rested  on  sand. 
The  stone  was  somewhat  waterwom,  but  still  of  a  decidedly  angular 
shape.  The  gravel  was  roughly  but  distinctly  stratified,  and  in 
fact  resembled,  so  far  as  I  could  see,  the  sarsens  and  gravel  which 
I  have  been  describing,  more  than  100  feet  higher  in  level. 

In  my  paper  of  1891  (Quart.  Joum.  Geol.  Soc.  vol.  xlviii,  1892, 
p.  42)  I  described  sarsens  in  the  middle  of  gravel  at  about  this  same 
level,  namely,  300  feet  above  Ordnance  datum. 

I  am  inclined  to  look  upon  the  gravel  of  Snelsmore  Common, 
north  of  Newbury,  and  400  feet  above  Ordnance  datum,  as  practic- 
ally contemporaneous  with  the  gravel  of  the  plateau  of  the  Bagshot 
district,  and  also  of  fluviatile  origin.  I  was,  therefore,  interested 
to  hear  Mr.  H.  B.  Woodward  ask  at  a  meeting  of  this  Society 
whether  some  of  the  plateau-gravels  near  Newbury  might  not  be 
of  Bagshot  age.^  This  remark  seemed  of  especial  interest  to  me, 
as  I  consider  the  Chobham  Ridges  plateau-gravel  coeval  with  the 
Famham  plateau-gravel,  in  which  flint-implements  have  been 
found. 

But,  first  as  to  Snelsmore  Common,  I  have  noted  small  sarsens  in 
the  gravel  not  lying  horizontally,  but  more  or  less  on  end ;  perhaps 
this  may  indicate  the  action  of  river-ice.  « 

Section  at  SneUmore  Common,  near  Newbury^  400  ft.  above  O.D. 

1.  Stiff  reddish  clay  with  stones ] 

2.  Gravel,  subangular  flints,  and  pebbles,  small  sarsens  |  3  f t  4  in. 

on  end   J 

3.  Coarse  sand,  yellow,  orange,  greenish,  and  white  1  ft.  6  in. 

4.  Grarel,  like  bed  2   3  ft. 

There  are  small  pebbles  of  quartz  up  to  ^  oz.  in  weight,  but  they  are  rather 
rare.  In  some  plaoes  the  gravel  is  well  and  evenly  stratified,  and  in  others  it 
is  unstratified. 

I  pass  now  to  the  Farnham  gravel,  which  I  did  not  describe  in 
my  paper  of  189  L.  The  highest  of  the  Famham  gravels  caps  an 
elongated  plateau,  with  a  level  of  from  360  to  380  feet  above 
Ordnance  datum.  It  runs  in  a  north-easterly  and  south-westerly 
direction,  and  is  about  5  miles  south-west  of  the  Fox  Hills  plat.eau, 
which  is  at  practically  the  same  level  above  the  sea  (350  to  390  feet 
above  Ordnance  datum). 

On  the  Oeological  Survey  map  the  Famham  plateau  is  mapped  as 

'  Quart  Joum.  Geol.  Soo.  vol  liii  (1897)  p.  437,  discussion. 
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*  River-  and  Valley-Deposits,'  whereas  the  Fox  Hills  plateaa  is 
mapped  as  *  Hill-gravel  and  Sand  of  doubtful  age  and  origin.'  I 
believe  that  both  are  river-gravels  of  about  the  same  age,  and  I  do 
not  quite  appreciate  the  reason  which  has  led  to  different  colours 
being  used  for  them  on  the  Geological  Survey  map. 

The  gravel  of  the  plateau  at  Farnham  is  in  places  25  feet  or  more 
thick.  Ah  a  rule,  there  is  little  or  no  sign  of  stratification,  the 
gravel  consisting  of  a  mass  of  stones  closely  packed  together,  but  in 
places  where  the  gravel  is  sandy  it  is  seen  to  be  well  stratified.  I 
took  a  photograph  of  a  part  of  one  pit,  where  the  stratification  wai 
particularly  well  shown  on  a  north-and-south  face,  about  ^  milo 
south-west  of  St.  Thomas's  Church.^ 

The  gravel  consists  mainly  of  flint.  Flint-pebbles  occur,  also 
pebbles  of  ironstx>ne,  some  Lower  Greensand  chert,  and  a  little 
quartz.  The  gravel  rests  partly  on  Folkestone  Bods  and  partly  on 
Gault,  and  the  Chalk-flints  may  have  come  from  the  north,  west,  or 
south-west,  probably  from  older  gravels  or  Clay- with -flints.  The 
cherty  fragments  doubtless  came  from  the  Hythe  Beds,  which  now 
crop  out  some  4  miles  south  of  the  plateau. 

On  the  south-eastern  side  of  the  plateau  there  is  a  small  valley, 
and  on  the  opposite  side  patches  of  gravel  occur  at  about  the  same 
level,  which  are  mapjied  *  Hill-gravel,'  etc.  I  have,  however, 
no  doubt  that  they  are  river- gravels  practically  contemporaneous 
with  the  Farnham  gravel ;  it  is  interesting  to  note  that  the  pro- 
portion of  chert  is  larger,  and  that  there  are  few  or  no  flint- 
pebbles  from  the  Tertiary  pebble-beds  (I  saw  only  poor  sections,  so 
cannot  speak  with  certainty  as  to  the  proportions),  which  is  what 
one  would  expect  from  their  situation. 

There  are  two  terraces  of  gravel  on  the  north-west  of  the  Farn- 
ham plateau,  one  at  a  level  of  about  800  feet  above  Ordnance 
datum,  and  the  other  about  250  feet.  The  upper  terrace,  12  feet 
or  more  thick  in  places,  consists  mainly  of  brown  subangular  flints, 
and  Ihe  sections  that  I  have  seen  do  not  show  much  sign  of  strati- 
fication. This  may  be  of  the  same  age  as  the  gravel  at  Ash,  in 
which  there  is  a  large  pit  285  feet  above  Ordnance  datum.  It 
shows  a  good  section  of  6  feet  of  yellow  and  reddish  gravel,  much 
contorted,  though  with  little  other  sign  of  stratification.  But  this 
was  only  a  local  feature,  for  in  the  large  pit  north  of  the  road  and 
at  the  same  level  the  gravel  is  well  stratified.  This  terrace  is 
probably  connect^  with  the  river  which  deposited  the  gravels  at 
Great  Bottom  Flash,  Mitchet  Lake,  etc.  It  seems  to  me  clear 
that  these  extensive  terraces  on  the  side  of  the  Fox  Hills  must 
owe  their  origin  to  a  river  with  a  drainage-area  extending  much 
farther  south  than  that  of  the  modern  Blackwater,  and  I  therefore 
suggest  that  the  terraces  of  Farnham  owe  their  origin  to  the  same 
river. 

This  flat,  or  slightly  sloping,  expanse  of  gravel  of  Mitchet  Lake 
bears  a  curious  resemblance  to  the  gravel-flat«  at  the  top  of  the 

*  The  photograph  is  no.  1324  of  the  Brit  Agioc.  Committee  Geol.  Photogrs. 
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plateaux  ahove  it,  and  to  the  gravel-covered  flats  near  the  Thames 
below.  Now,  my  point  is  that  all  are  river-gravels,  and  the  question 
arises,  if  I  am  right  in  this  view,  is  there  anything  to  show  that  the 
sea  invaded  this  district  at  any  time  between  the  deposition  of  the 
oldest  and  the  newest  graveLs  ? 

Dr.  Irving  has  brought  forward  an  example  of  contorted  stratifi- 
cation at  a  level  of  240  feet  above  Ordnance  datum  near  Wellingt<m 
College,  and  he  attributes  the  contortions  to  *  the  action  of  bergs 
or  floes  of  ice  which  floated  in  the  waters  that  then  filled  the 
valley  up  to  about  this  level.'  ^  Mr.  Hudleston  has,  however, 
attributed  a  very  similar  example  of  contortion  to  a  sliding  mass 
of  neve  or  indurated  snow.^ 

On  the  whole,  therefore,  I  venture  to  submit  that  we  have  no 
evidence  of  the  presence  of  the  sea  in  this  district  during  the  Drift 
period.  There  is,  however,  as  I  hope  I  have  shown,  ample  evidence 
of  ice-action,  and  this  evidence  is  more  or  less  present  in  the  gravel 
at  all  levels,  so  that  I  am  led  to  think  it  probable  that  the  gravel 
of  this  part  of  England  practically  coincides  in  age  with  the  dura- 
tion of  the  Glacial  Period— using  that  term  in  a  wide  sense,  so  as  to 
include  the  period  where  indications  of  approaching  cold  apjiear  in 
(or  even  before  the  date  of)  the  Cromer  Forest  Bed.^ 

Discussion. 

Mr.  Clement  IIeid  asked  why  the  gravelly  sarsen- stones  exhibited 
might  not  be  of  Eocene  date.  They  were  discovered  loose  on  the 
surface,  but  were  similar  to  gravelly  parsens  undoubtedly  of  Reading 
and  Bagshot  ages  found  in  Dorset.  Was  there  any  known  inst'ance 
of  the  formation,  in  this  countrj%  of  a  siliceous  conglomerate  in  a 
deposit  newer  than  the  Oligocene?  With  regard  to  the  trans- 
portation of  large  angular  masses  of  flint  and  sarsen,  he  remarked 
that  when  the  gravels  of  the  Chobham  plateau  were  being  deposited, 
the  area  must  have  been  dominated  by  land  of  considerably  greater 
height  within  a  short  distance.  Perhaps  slow  soil-cap  movement, 
like  that  of  Patagonia,  may  have  helped  to  transport  the  blocks 
down  gentle  slopes.  It  seemed  scarcely  necessary  to  postulate  the 
action  of  river-ice  at  that  height. 

Mr.  Whitaker  said  that  all  agreed  that  great  unworn  flints  could 
not  have  been  rolled  down  by  streamy  for  any  great  distance.  He 
had  seen  flint-pebbles  in  East  Kent  made  in  a  chalk-pit,  artificially 
and  very  expeditiously,  by  washing  in  puddle-pits.  As  to  sarsen- 
stones,  there  was  no  need  to  invoke  very  distant  transport,  as  they 
may  come  from  various  Tertiary  deposits.  It  was  very  singular 
that  in  the  Chalk  tract  of  the  London  Basin  sarsens  occur  to  the 
greatest  extent  in  that  part  where,  from  the  westerly  thinning  of 
the  London  Clay,  the   Bagshot   Beds  come  within  little  vertical 

»  Proc.  Geol.  Amoc.  toI.  xi  (1890)  p.  clx. 

»  Quart.  Joum.  Geol.  Soc.  yoI.  xlii  (iy8«)  p.  169  &  fig.  8. 

*  11.  B.  Woodward,  •  Geol.  of  England  &  Wales,'  2nd  ed.  1887,  p.  481. 
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distance  of  the  Chalk,  which  suggests  that  a  large  portion  of  the 
sarsens  come  from  the  Bagshot  Beds.  He  had  seen  in  the  Hamp- 
shire Basin  sarsens  with  large  masses  of  Bagshot  Sand  enclosed 
in  gravels.  As  to  the  gravels  near  Farnham,  there  was  no  intrinsic 
evidence  as  to  what  they  were,  and  he  did  not  regard  the  Survey 
classification  in  this  matter  as  final.  He  would  certainly  not  class 
any  of  them  as  Bagshot.  The  expression  *  plateau-gravel '  merely 
implies  that  the  deposit  occurs  at  a  high  level,  hut  nothing  further. 
The  materials  of  which  these  gravels  are  composed  seem  to  come 
more  firom  the  south  than  from  any  other  direction.  When  flint- 
implements  are  found  in  gravels,  he  would  he  inclined  to  caU 
these  *  river-gravels.' 

Mr.  B.  S.  Hebribs  admitted  the  occurrence  of  sarsen-stones  in 
the  Woolwich  and  Beading  Beds,  hut  did  not  think  that  there  was 
any  well-authenticated  instance  of  a  sarsen-stone  being  found 
entirely  in  the  Bagshot  Beds  in  the  Bagshot  district.  In  this 
district  the  sarsens  often  occur  on  the  top  of  the  Bagshot  Beds,  or 
partly  embedded  in  them,  but  always  where  there  is  or  has  been 
overling  gravel,  and  the  speaker  thought  that  they  belonged  to  the 
gravel  and  not  to  the  Bagshot  Beds. 

Mr.  A.  E.  Salter  had  noticed  sarsens  near  the  mouth  of  the 
Thames  at  Shamell  Street  and  Cobham,  the  Medway  Valley  near 
Aylesford,  St.  George's  Hill  near  Weybridge,  and  embedded  in  the 
gravels  at  Lee-on-the-Solent,  the  position  of  which  in  every  case 
could  be  explained  by  the  hypothesis  advanced  by  the  Author. 
He  was  particularly  struck  by  the  remarks  on  '  redeposited  Bagshot,' 
and  thought  it  extremely  probable  that  the  sands  at  Netley  and 
Headley  Heaths  on  the  North  Downs  were  of  this  character.  At 
the  former  place  the  presence  of  a  sarsen  quite  close  to  one  of  the 
sections,  at  an  altitude  of  over  600  feet  above  Ordnance  datum,  and 
in  all  probability  derived  from  the  superincumbent  gravel,  lends 
support  to  this  idea. 

Mr.  W.  H.  Shrubsole  said  that  he  would  mention  two  facts,  of 
small  importance  by  themselves,  which  might  be  worth  consideration 
in  connexion  with  other  information.  One  was  that  he  had  often 
seen  fine-grained  '  sarsen-stones '  in  situ  at  the  base  of  the  brick- 
earth,  resting  on  Chalk,  in  East  Kent;  and  the  other  fact  was 
that,  about  20  years  ago,  he  found  a  large  quantity  of  irregular 
fragments  of  igneous  rocks,  differing  greatly  in  size,  embedded  in 
the  upper  part  of  the  Lower  Bagshot  Sand  at  Mill  HiU,  Sheppey. 
They  were  examined  by  competent  x)etrologi8ts,  and  pronounced  to 
be  an  assemblage  which  in  all  probability  had  been  transported 
from  Scandinavia.  His  own  opinion  at  the  time  was,  and  still  is, 
that  ice  had  been  the  transporting  agent. 

Mr.  0.  A.  Shrubsole  had  noticed  contortions  and  irregularities  in 
the  gravel  of  this  district,  but  did  not  offer  an  opinion  as  to  the 
cause  which  has  produced  them.  He  had  also  obtained  from  it 
flints  of  the  kind  claimed  to  be  implements  of  an  early  type. 

The  AuTUOB,  by  permission  of  the  President,  read  the  following 
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note  which  he  had  received  from  Dr.  Irvuto,  who  was  unable  to  be 
present : — 

*  Does  this — **t»  situ** — mean  in  the  position  in  which  they  were 
formed  qua  rook  ?  If  so,  very  interesting.  If  not,  a  loose  use 
of  the  phrase  for  the  purpose  of  technical  science.  No  doubt  some 
ice  and  snow  at  times  carried  stones.  Compare  my  note  (Quart. 
Joom.  Geol.  8oc.  vol.  zlvi,  1890,  p.  561  note)  on  the  gravel  in  the 
pit  at  Broadmoor,  400  feet  O.D.,  a  snow- wash,  such  as  I  have  often 
seen  and  walked  over  in  the  gullies  of  the  high  Alps,  very  likely. 
Many  angular  flints  are  the  result  of  rupture  by  frost  in  their 
present  locality.     Conditions  vary ;  laws  of  Nature  are  constant.' 

The  Author,  for  himself,  thanked  the  various  speakers  for  their 
remarks,  critical  and  otherwise  ;  but  as  there  was  another  paper  to 
follow,  he  would  refrain  from  a  detailed  reply.  Many  of  the 
questions  opened  up  in  the  course  of  the  discussion  were  of 
the  highest  interest,  and  to  some  extent  were  dealt  with  in  the 
paper. 
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14.  Some  New  Carboniferous  Plants,  and  how  ihey  rontrihuted  to 
the  Formation  of  Coal-Sra^b.  By  W.  S.  Greslet,  Esq., 
F.G.S.     (Read  February  23r(i,  1898.) 

[Abstract.] 

The  Author,  in  a  paper  published  in  abstract  in  the  Society's 
Quarterly  Journal  for  May  1897  (vol.  liii,  p.  245),  ar^ed  that  certain 
brilliant  black  lamins3  in  coal,  and  similar  materials  found  among 
some  mechanical  sediments  of  the  Coal  Measures,  pointed  to  the 
former  existence  of  an  aquatic  plant.  In  the  present  communication 
he  describes  structures  in  the  pitch-coal  laminae  of  bituminous  coal 
and  in  the  glossy  black  layers  of  anthracite  which  he  belicTes  to 
be  indications  of  two  other  kinds  of  plants,  and  states  that  he 
has  examined  structures  which  may  be  due  to  some  other  kinds  of 
vegetation. 

Discussion. 

Mr.  Stbahajt  admired  the  persistence  with  which  the  Author 
brought  forward  his  views  on  these  so-called  coal-plants,  and 
regretted  that  there  was  not  better  evidence  of  the  origin  ascribed 
to  them. 

Dr.  Hicks  and  Dr.  Hinde  also  spoke. 


15.  Cone-in-Cone  :  Additional  Facts /rotn  Various  Countries. 
By  W.  S.  Greslet,  Esq.,  F.G.S.    (Bead  March  23rd,  1 898.) 

[Abstract.] 

Examples  of  flinty  stone  in  the  '  fire-clay  series '  of  the  Ashby 
coal-field  exhibit  '  areas  of  conic  structure  lying  unconformably.' 
In  the  same  stratum  of  shale  are  large  masses  of  the  same  flinty 
rock,  more  or  less  coated  with  conic  structures,  which  appear  to 
have  been  formed  out  of  layers  of  shale  and  ironstone.  The 
bending-up  of  the  shale  above  the  nodules  and  down  below  them, 
the  close  but  unconformable  covering  of  Permian  breccia,  and  the 
staining  of  the  whole  section  suggests,  if  indeed  it  does  not 
demonstrate,  to  the  Author  that  the  growth  of  the  cone-in-cone 
took  place  subsequently  to  the  deposit  of  the  Permian  breccia. 
Several  American  and  other  examples  are  described,  and  a  series  of 
conclusions  are  appended  to  the  paper. 

Discussion. 
Mr.  Clement  Heid  and  Mr.  8trahan  spoke. 
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16.  CoHTBiBimoNS  to  the  Glacial  Qboloot  of  SpiTdBBaeBir.  By 
E.  J.  Gabwood,  M.A.,  F.Q.S.,  &  J.  W.  Grbcwbt,  D.So.,  F.G.8. 
(Read  February  2nd,  1898.) 

[Platw  XIII-XIX.] 
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I.   iKTRODUCTIOy. 

Ok  June  17th,  1896,  the  tercentenary  of  the  discovery  of  Spits- 
bergen by  Barents,  we  first  sighted  the  western  coast  of  the 
great  island,  the  unknown  interior  of  which  Sir  Martin  Conway's 
expedition  had  been  organized  to  explore.  The  sea  was  strewn 
with  floes,  which  barred  direct  approach  to  the  shore,  and  the 
incidents  of  the  passage  through  the  ice  helped  us  to  realize  that 
we  were  13°  north  of  the  Arctic  Circle,  far  within  the  area  which, 
according  to  a  once  popular  theory,  was  formerly  buried  beneath  a 
massive  cap  of  ice.  But  the  first  near  view  of  the  land  was 
calculated  to  destroy  whatever  faith  we  might  have  had  in  the 
former  existence  of  a  north  polar  ice-cap.  For  the  sharp,  serrated 
ridges  of  Mount  Starashchin  (see  PL  XIX,  fig.  2)  and  Dodman  Den, 
which  guard  the  entrance  to  Ice  Fiord,  indicate  that  Western  Spits- 
bergen has  not  at  any  recent  time  been  wholly  submerged  beneath 
Q.  J.  G.  8.  No.  214.  p 
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an  ice-cap.^  Confluent  series  of  glaciers  occur  in  Spitsbeigen  at  the 
present  day,  and  form  the  so-called  ^  inland  ice-sheets/ '  One  such  can 
be  seen  to  the  north  of  Ice  Fiord,  rising  gradually  from  the  shore 
to  the  sky-line ;  while  on  the  plateau  south  of  the  fiord  are  smaller, 
disconnected  glaciers.  Hence,  during  the  passage  up  Ice  Fiord, 
between  the  great  ice-sheet  to  the  north  and  the  scattered  glaciers  to 
the  south,  through  the  ice-floes  among  which  the  steamer  carefully 
threaded  its  way,  and  past  the  huge  piles  of  ice  heaped  along  t^e 
shore,  we  were  impressed  by  the  fiEict  that  Spitsbergen  is  an  excep- 
tionally favourable  locality  for  the  study  of  glacial  geology  ;  for  the 
three  main  ice-agents  may  be  seen  there  working  side  by  side. 

The  literature  upon  Spitsbergen  is  voluminous ;  but  the  main 
object  of  this  paper  is  to  record  our  actual  observations  upon  the 
points  which  seem  to  us  to  bear  especially  on  glacial  problems.  It 
is  therefore  unnecessary  to  refer  at  length  to  the  previous  literature 
on  the  glaciation  of  Spitsbergen.  We  need  only  point  out  that  the 
first  satisfactory  descriptions  of  the  Spitsbergen  glaciers  are  those  of 
Martins  ^  and  Durocher  * ;  that  reference  to  the  work  of  the  numerous 
Swedish  expeditions  and  an  account  of  the  views  of  Baron  von 
Nordenskiold  will  be  found  in  Leslie's '  summary  of  that  distin- 
guished explorer's  voyages ;  that  many  valuable  observations  as  to 
ihe  action  of  coast-ice  have  been  recorded  by  Mr.  James  Lament,* 
F.6.S.,  and  CoL  Feilden,^  and  that  an  admirable  account  of  many 
of  the  western  glaciers  has  been  given  by  the  late  Gustav  Norden- 
skiold.*  Mention  must  finally  be  made  of  the  careful  measurement 
of  the  rate  of  movement  in  a  Spitsbergen  glacier  by  MM.  de  Carfort 
&  Lancelin,"  and  of  the  figures  of  the  King's  Bay  glaciers  published 

^  The  name  conclusion  haa  been  preTiously  adianced  for  other  Arctic  areas, 
Buch  aa  Alaska,  North-eastern  Labrador,  Northern  and  Southern  Greenland. 
We  have  noted  Prof.  Tarr's  object  iun  to  this  Ti'ew  ;  but  hissuegested  explanation 
of  the  facts  adTanoed  by  Ohamberlin  appears  to  us  quite  insufficient — in 
Spitsbergen  at  least  See  B.  S.  Tarr,  Bull.  Qeol.  Soc  Amer.  vol.  Tui  (1897) 
pp.  252-256. 

^  It  is  well  to  explain  here  the  sense  in  which  we  use  the  word  *  ioe-sheet  * : 
we  mean  simply  a  sheet  of  ice.  Those  ice-sheets,  such  as  that  of  Greenland, 
which  completely  bury  the  interior  of  a  country,  and  in  which  the  ice  itself 
forms  the  watershed,  we  refer  to  as  *  ice-caps.' 

>  Oh.  Martins,  'Observations  sur  les  Glaciers  du  Spitzberg  compart  i  ceiix 
de  la  Suisse  et  de  la  Norvege,'  Voy.  en  ScandinaTie,  etc.  sur  la  oorTette  la 
Recherche,  Gtogr.  Physio,  vol.  i  (1845)  pp.  188-192. 

^  J.  Durocher,  '  Sur  les  Glaciers  du  Spitzberg  compares  k  oeux  dee  Alpes,' 
op.  cU.,  G6ogr.  Physiq.  vol.  i  (1845)  pp.  320-349. 

•  A.  Leslie,  *  The  Arctic  Voyages  of  Adolf  Erik  Nordenskiold,  1858-1879,' 
London,  1879. 

•  Jas.  Laraont,  '  Notes  about  Spitsbergen  in  1859,*  Quart.  Joum.  Geol. 
800.  vol.  xvi  (1860)  pp.  428-444;  'Seasons  with  the  SearHorsee,'  London, 
1861. 

'  H.  W.  Feilden,  •  A  Subaqueous  Moraine,*  Glac.  Mag.  vol.  ii  (1894)  pp.  1-6. 

*  G.  Nordenskiold,  'Redogorelse  for  den  Svenska  Expeditionen  till 
Spitsbergen,  1890/  Bihang  k.  Svenska  Vet.  Akad.  Handl.  vol.  xvii,  pt  ii, 
no.  3  (1892),  93  pp.,  6  pis.  &  map. 

*  B.  de  Oarfort  &  Lancelin,  *  £tude  sur  le  Mouvement  des  Glaciers  dans  la 
Bate  de  la  Becberche,*  pi.  vi  of '  Voyage  de  la  Manche  k  Tile  de  Jan  Mayen  et 
au  Spitzberg/  Paris  (1894),  pp.  116-124,  pi.  zxi. 
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by  Hamberg  '  in  1894.  The  last-Damed  author  first  called  attention 
to  the  three  most  striking  characters  of  the  Spitsbergen  glaciers, 
namely : — the  false-bedding  and  lamination  of  the  ice,  the  irregular 
distribution  of  the  intraglacial  material,  and  the  wall-like  termina- 
tion of  the  glaciers.  Some  of  these  features  may  be  discerned  in 
Mr.  B.  Leigh  Smith's  admirable  photographs,  of  which  no  published 
account  has  been  issued,  although  a  set  of  them  is  available  for 
reference  in  the  Map- room  of  the  Koyal  Geographical  Society. 

Nothing,  howeyer,  had  been  done  in  Spitsbergen  comparable  to 
the  masterly  studies  of  the  Greenland  glaciers  which  we  owe  to 
Prof.  Chamberlin  ^  and  his  colleagues,  to  Drygalski,^  and  to  the  con- 
tiibutors  to  the  *  Meddelelser  om  Gronland.'  We  had  the  oppor- 
tunity of  studying  in  Spitsbergen  the  same  types  of  glacier- 
structure  that  have  been  so  admirably  described  and  so  beautifully 
illustrated  by  Prof.  Chamberlin,  whose  series  of  memoirs  forms 
the  most  important  contribution  to  glacial  geology  during  recent 
years. 

It  is  unnecessary  to  say  much  about  the  stratigraphical  geology 
of  Spitsbergen ;  but,  as  we  are  bound  to  refer  to  the  possible 
analogy  between  the  geographical  structure  of  that  country  and  of 
Greenland,  a  few  lines  on  the  subject  may  be  conveniently  inserted. 
Spitsbergen  itself  (excluding  North-east  Land  and  the  islands 
adjacent  thereto)  consists  of  two  parts.  There  is  an  extensive 
eastern  plateau  formed  of  Devonian,  Carboniferous,  Triassic,  and 
Cretaceous  strata,  which  are  in  the  main  horizontal,  and  are  in  places 
penetrated  by  intrusive  igneous  rocks  ;  and  there  is  a  lofty  western 
mountain-chain  formed  of  pre-Devonian  granites,  gneisses,  and 
schists,  which  are  in  places  associated  with  uplifted  members  of  the 
sedimentary  series. 

We  are  glad  of  this  opportunity  of  thanking  Sir  Marrin  Conway, 
whose  careful  preparations  ensured  the  success  of  the  expedition,  and 
whose  keen  scientific  interests  led  him  continually  to  alter  his  plans 
BO  as  to  give  us  the  fullest  possible  opportunity  for  our  work.  It 
was,  moreover,  a  great  advantage  for  us  to  be  able  to  discuss 
difficulties  with  a  mountaineer  and  a  geographer  who  has  so  intimate 
a  knowledge  of  Alpine  and  Himalayan  glaciers.  References  to  the 
localities  and  an  account  of  the  conditions  under  which  our  work 
was  done  will  be  found  in  Sir  Martin  Conway's  book.^ 

^  Axel  Hamberg,  '£n  Besa  till  Norra  Ishafvet  Sommaren  1892/  Tmer, 
ToL  xiv  (18W)  pp.  25-61  &  pi.  i. 

*  T.  C.  GhamDerlin,  *  Glacial  Studies  in  Greenland/  pts.  i-x,  Joum.  Geol. 
(1894-97) :  pt  i,  op.  cit.  vol.  u  ( 1894)  pp.  649-666 ;  pt  ii,  op.  cU.  (1894)  pp.  768- 
788 ;  pt.  iii,  op.  cU.  voL  iii  (1895)  pp.  61-69  ;  pt  iv,  ibid,  pp.  197-218 ;  pt.  ▼, 
ibid.  pp.  469-480 ;  pt.  \i,  ibid.  pp.  5&-582  ;  pt.  vii,  ibid.  pp.  668-682 ;  pt  >iii, 
ibid.  pp.  83a-843;  pt  ix.  op.  cit.  vol.  iv  (1896)  pp.  582-692;  pt  x,op.  cit 
Tol.  v(1897)Dp  229-240. 

'  E.  Ton  Drygaldki.  '  Gronlands  Glet«cher  und  Inlandeis/  Zeitsohr.  G^. 
Erdk.  Berhn,  vol.  xxvii  (1892)  pp.  1-62. 

*  *  The  First  Crossing  of  Spitsoergen/  London,  1897. 
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II.  The  Gla.cier8  and  theib  Action. 

Precipitation  in  Spitsbergen  is  probably  greatest  along  the  western 
mountain-chain,  for  the  winds  from  the  south-west  have  crossed 
the  comparatively  warm  waters  carried  northward  by  the  Gulf 
Stream,  and  thus  arrive  laden  with  moisture.  The  snow  that  falls 
on  the  seaward  face  of  the  mountain-range  has  a  ready  escape 
down  the  steep  slope  to  the  sea  ;  but,  although  the  eastern  plateau 
is  intersected  in  every  direction  by  deep  valleys  and  branching 
fiords,  the  snow  that  falls  on  it  has  no  such  easy  outlet :  the  snow 
therefore  accumulates,  until  it  forms  either  glaciers  of  the '  Piedmont ' 
type  or  *  inland  ice-sheets.' 

The  extent  of  the  ice  in  Spitsbergen  has  been  exaggerated :  it 
has  been  stated,  for  example,  that  *  the  interior  of  Spitsbergen  at 
presents  consists  of  an  immense  ice-plateau,  from  1500  to  2500  feet 
in  height,  which  has  its  issue  into  the  sea  by  means  of  the  glaciers, 
which  everywhere  on  the  coasts  protrude  into  the  sea.'  It  had, 
however,  been  proved  by  the  Swedish  expeditions,  and  especially 
by  that  under  Prof.  Nathorst  <fe  Baron  de  Geer  in  1882,  that  some 
parts  of  the  interior  are  free  from  ice.  Belts  of  land  break  up  the 
inland  ice  into  three  main  sheets,  as  was  shown  very  clearly  by 
Lieut.  Bystrom's  map.*  issued  in  1896.  We  saw  but  little  of  these 
great  ice- sheets,  as  we  made  no  attempt  to  cross  them.  For,  though 
they  are  of  great  interest  from  their  probable  resemblance  to  the 
ice-sheets  that  once  covered  some  parts  of  the  British  Isles,  yet 
their  geological  action  can  be  better  studied  upon  their  mai^ns 
than  upon  their  surface ;  in  a  march  across  them  probably  little 
could  bo  seen  of  the  processes  that  take  place  within  or  below 
them. 

In  addition  to  these  *  inland  ice-sheets '  there  are  in  Spitsbei^^n 
glaciers  of  the  ordinary  Alpine  type.  They  agree  with  those  of 
Switzerland  in  most  respects.  They  flow  from  high  collecting- 
grounds  until  they  melt  away  or  are  otherwise  destroyed.  They 
carry  down  upon  their  surface  lateral  and  median  moraines, 
and  their  ends  are  often  surrounded  by  terminal  moraines. 
But  two  differences  between  the  glaciers  of  Switzerland  and 
Spitsbergen  were  soon  apparent.  The  former  are  the  outlets  of 
extensive  snow-fields,  and  the  material  of  which  they  consist  passes 
from  snow  into  ice  through  the  stage  of  Ti6v6,  But  many  of  the 
Spitsbergen  glaciers  do  not  drain  snow-fields,  and  their  material 
passes  directly  into  the  condition  of  n^v^-ice  and  glacier-ice.  Thus, 
at  the  head  of  nearly  every  glacier-pnss  that  we  crossed  (for 
example,  Fox  Pass,  Bolter  Pass,  Flower  Pass),  we  found  no  true 
neve  or  gathering-ground  of  snow.  In  some  cases  such  glacier- 
ice  may  have  been  formed  by  avalanches  ;  but  at  least  in  one  case 
this  explanation  is  inadmissible,  and  we  were  forced  to  the  con- 
clusion that  under  Arctic  conditions  snow  may  be  converted  into 
ice  without  pressure,  and  that  the  existence  of  glaciers  does  not 
necessarily  postulate  the  existence  of  great  snow-fields. 

*  H.  Bystram,  *  OfTersikUkarta  ofver  Norra  Polartraktema,'  Stockholm,  1896. 
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Bnt  the  moet  important  difference  between  Arctic  and  Alpine 
glaciers  is  seen  in  the  character  of  their  respective  terminal  fronts. 
Most  Swiss  glaciers  end  with  a  tapering  snout.  Some  of  those  in 
Spitsbergen  (such  as  Flower  Glacier,  Baldhead  Glacier,  etc.)  do  the 
same ;  but  the  majority  end  in  a  vertical  cliff  of  ice,  of  the  type 
for  which  Lieut.  Lockwood's  apt  name  of  *  Chinese  wall  *  *  is  gene- 
rally adopted.  This  name  is  appropriate  owing  to  two  characters  : 
the  face  is  vertical,  and  sometimes  overhangs  at  the  top  like  the 
machicolations  of  a  mediaeval  fortress ;  secondly,  the  intraglacial 
material  is  arranged  in  lines  like  the  layers  of  mortar  in  a  wall. 

The  vertical  faces  of  these  Arctic  glaciers  have  been  suggested 
by  Chamberlin  *  as  largely  due  to  the  low  angle  at  which  the  sun 
shines  upon  them.  This  no  doubt  assists  in  the  formation  of  these 
Chinese  walls/  for  when  the  sun  is  low  on  the  horizon  it  tends 
to  cut  the  opposite  face  of  the  glacier  backward  by  vertical  ablation, 
instead  of  reducing  its  thickness  by  ablation  over  the  whole  upper 
surface.  But  the  position  of  the  sun  is  not  the  only  factor,  and  we 
doubt  whether  it  is  a  very  important  one,  for  the  rays  of  the  sun 
when  it  is  near  the  horizon  have  comparatively  little  melting-power, 
compared  with  those  which  come  from  the  zenith.  Moreover, 
glaciers  facing  in  the  same  direction  and  in  the  same  neighbourhood 
sometimes  end  with  tapering  snouts,  and  sometimes  with  Chinese 
walls.     (See  PI.  XVII,  fig.  1.) 

Our  first  impression  on  seeing  a  glacier  with  a  wall-termination 
was  that  this  arrangement  was  due  to  the  glacier  being  in  a  state 
of  advance :  and,  so  far  as  we  could  see,  glaciers  ending  in  snouts 
were  either  receding  or  stationary,  while  those  with  Chinese  walls 
were  always  advancing. 

The  formation  of  the  overhanging  cornice  appears  to  be  due  to 
the  rapid  forward  movement  of  the  uppermost  layers  of  ice.  This 
may  be  aided  to  some  extent  by  the  melting  backward  of  the  lower, 
dirt-bearing  layers,  owing  to  their  greater  absorption  of  heat ;  but  in 
the  case  of  at  least  some  of  the  Spitsbergen  glaciers,  the  influence  of 
this  factor  must  be  quite  insignificant.' 

Glaciers  with  these  Chinese  walls  are  more  instructive  than  those 
with  snouts,  and  we  therefore  propose  to  describe  one  in  some 
detail.  The  first  view  of  such  a  glacier  (see  PI.  XIII,  fig.  1 )  shows 
that  it  is  composed  of  a  lower  part  charged  with  debris,  and  an 
upper  part  in  which  the  ice  is  pure  and  white.  We  almost 
instinctively  proceeded  at  once  to  the  foot  of  the  ice-cliff  to  search 
for  'ground-moraine.'      But  the  included  material  in  the  lower 

>  A.  W.  Greeley,  '  Three  Years  of  Arctic  Service/  ▼ol.  ii  (1886)  p.  34,  & 
app.  p.  28,  GgB.  3  a  4. 

^  T.  C.  Chamberlin,  'Glacial  Studies  in  Greenland/  pt.  vi,  Joum.  Geol. 
vol.  iii  (1895)  p.  566. 

^  Its  action  has  been  inyoked  to  help  to  explain  vertical  glacier-faces  by 
Beid,  and  overhanging  faces  by  Salisbury  and  Chamberlin.  ^  H.  F.  Beid, 
•  The  Mechanics  of  Glaciers/  Joum.  Geol.  vol.  iv  (1896)  p.  926 :  R.  D.  Salisbury, 
'  Salient  Points  concerning  the  Glacial  G^logy  of  North  Greenland,'  Joum. 
Geol.  vol.  iv  (1896)  p.  782 ;  and  T.  C.  Chamberlin,  *  Glacial  Studies  in  Green- 
land/  pt.  ix,  Joum.  Geol.  vol.  iv  (1896)  p.  591. 
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layers  of  the  glacier,  where  not  hidden  by  ice-talus,  is  so  abundant 
that  we  found  it  in  places  impossible  to  draw  any  sharp  line  of 
separation  between  the  glacier  and  the  beds  on  which  it  rests.  We 
found,  in  fact,  a  gradual  passage  from  ice  charged  with  morainic 
material  into  subglacial  morainic  material  which  has  been  saturated 
with  water  and  frozen  hard.  We  soon  learnt  that  the  idea  of  a 
*  ground-moraine '  as  a  moraine  formed  beneath  the  sole  of  a  glacier 
was  not  in  accordance  with  the  facts  of  Spitsbergen  geology,  for 
most  of  the  glaciers  there  have  no  soles.  But  we  learnt  to  regard 
the  whole  of  the  debris-bearing  layers  of  the  glacier  as  the  repre- 
sentative of  the  ground-moraine,  for  they  act  as  it  was  supposed 
to  do. 

How  the  lower  layer  of  the  glacier  becomes  charged  with  debris 
was  shown  most  clearly  by  sections  at  several  of  the  glaciers  which 
we  examined,  especially  the  Ivory  Glacier,  near  Agajdh  Bay,  and 
Booming  Glacier  at  the  head  of  Advent  Dale.  The  photographs 
reproduced  in  PI.  XV,  fig.  2,  &  PL  XVI,  figs.  1  &  2,  as  also  the 
diagram  on  p.  204,  illustrate  the  main  stages  in  the  process.  As  a 
glacier  moves  most  quickly  where  it  meets  with  least  resistance, 
the  upper  layers  flow  forward  more  rapidly  than  those  near  the 
base.  Accordingly,  in  a  glacier  which  ends  with  a  clifl^-like  face^ 
the  upper  layers  ride  forward  over  those  below,  until  they  overhang 
as  a  projecting  cornice.  As  the  cornice  is  pushed  still  farther 
forward,  masses  of  it  break  away  and  fall  to  the  foot  of  the  cliff. 
There  they  accumulate  as  an  ice-talus  bank,  which  in  time  becomes 
so  large  as  to  check  the  advance  of  the  lower  layers  of  the  glacier. 
If  the  talus-bank  is  too  heav)'  to  be  pushed  forward,  the  glacier 
is  forced  to  ride  over  it.  The  ice,  therefore,  that  was  originally  the 
uppermost  layer  of  the  glacier  will  then  form  the  base,  and  be  in 
turn  forced  to  rise  upward  over  later  talus-banks  that  accumulate 
in  front  of  it.  As  the  process  is  continuous,  the  glacier  advances 
by  an  *  overroUing '  motion,  the  top  layer  falling  to  the  bottom, 
and  then  working  upward  over  other  fallen  masses. 

The  use  of  the  word  *  overroUing '  is  open  to  the  objection  that 
it  suggests  a  very  flexible  or  viscous  character  of  the  ice.  Some 
of  the  most  conspicuous  features  of  these  glaciers,  such  as  their 
false-bedding,  their  differential  flow,  their  apparently  rapid  advance 
and  the  readiness  with  which  they  expand  into  radial  fans,  suggest 
that  their  ice  is  far  more  mobile  than  that  of  the  Swiss  glaciers. 
But  further  acquaintance  with  the  Spitsbergen  glaciers  led  us  to 
change  this  opinion,  especially  in  the  case  of  the  d^ris-laden  strata  of 
ice.  Closer  examination  showed  that  the  false-bedding  was  due  to 
shearing.  As  the  glacier  presses  against  its  talus-bar,  bands  of  ice 
are  driven  forward  and  ride  across  the  lower  layers  along  thrust- 
planee.  Thus  PI.  XVII,  fig.  2,  shows  part  of  the  upper  face  of 
Booming  Glacier :  the  face  is  broken  into  two  by  a  narrow  platform. 
This  ledge  marks  a  band  rich  in  d^ris,  above  which  is  one  of 
tlie  thmst-planes.  Smaller  shearing-planes  occur  all  through  the 
d^ris-laden  portion  of  the  glacier.  Hence  the  mechanical  move- 
ment of  the  lower  sections  of  the  glacier  appears  to  be  due  to  a 
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series  of  shearing-planes,  owing  to  the  pressure  of  the  ice  behind, 
rather  than  to  a  viscous  yielding  or  to  the  action  of  continuous 
fracture  and  regelation. 

The  overroUing  advance  of  the  glaciers  affords  a  simple  explana- 
tion of  the  origin  of  the  debris-bands  and  intraglacial  material  with 
which  the  lower  part  of  the  glacier  is  so  richly  charged.  Let  us 
consider  the  case  of  a  glacier  passing  over  loose  materials,  such  as  a 
ndsed  beach.  The  ice-blocks  which  form  the  talus  are  generally 
irregular  in  shape,  and  as  they  fall  with  some  force  their  projecting 
comers  are  driven  into  the  ground.  The  blocks  are  further 
hammered  in  by  the  fall  of  others  upon  them.  When  the  glacier 
flows  over  the  talus,  the  latter  is  probably  first  crushed  and  then 
re-solidified,  during  which  some  of  the  underlying  earth  must  get 
frozen  in  with  the  ice.  When  this  basal  layer  of  ice  works  upward, 
it  carries  with  it  the  material  which  it  has  picked  up  from  the 
valley-floor.  This  process  being  continually  repeated,  the  whole  of 
the  lower  part  of  the  glacier  becomes  charged  with  debris,  which, 
if  no  other  factor  came  into  play,  would  at  length  be  distributed  in 
layers  throughout  the  whole  thickness  of  the  glacier. 

Such  d^ris-bands  have  been  described  by  Chamberlin  from  the 
glaciers  of  Northern  Greenland ;  he,  however,  records  them  only 
from  quite  the  lower  part  of  the  glacier.  His  observations  agree 
with  the  view  that  has  been  often  expressed,  to  the  effect  that  the 
intraglacial  drift  of  the  ice-sheets  of  North  America  and  North- 
western Europe  was  entirely  limited  to  the  basal  layers.  In  some  of 
the  Spitsbergen  glaciers,  however,  the  intraglacial  material,  though 
most  abundant  in  the  lower  part,  is  scattered  throughout  nearly  the 
whole  thickness,  as  in  the  Plough  Glacier  (PI.  XIII,  fig.  1). 

That  the  intraglacial  drift  is  picked  up  from  off  the  valley-floor 
and  raised  through  the  glacier  was  shown  in  one  case  by  the 
nature  of  the  material.  The  terminal  lobe  of  the  Ivory  Glacier, 
-which  occupies  part  of  Agardh  Dale,  flows  over  a  plain  of  recently- 
upraised  sea-floor,  whose  surface  is  thickly  covered  with  water- 
worn  pebbles  and  mud.  Scattered  throughout  this  deposit  occur 
numerous  shells,  with  driftwood  and  fragments  of  whalebone.  We 
found  fragments  of  the  shells  of  Saxicava  rugasa^  Mya  iruncata^ 
etc.  in  some  abundance  in  the  lower  d^ris-bands  of  the  glacier,  and 
on  the  lower  slopes  of  the  terminal  moraine ;  at  higher  levels,  the 
sheUs  are  scarcer  and  more  fragmentary.  We  found  one  fragment 
at  the  height  of  400  feet,  and  that  we  did  not  find  any  still  higher 
was  probably  due  to  the  hurried  nature  of  our  search. 

It  may  be  suggested  that  these  marine  remains  found  in  the 
moraine  were  derived  from  some  old  raised  beach,  which  is 
situated  at  a  level  higher  than  that  at  which  we  found  them.  The 
highest  raised  beach  that  we  could  find  in  the  traverse  from  Sassen 
Bay  to  Agardh  Bay  was  not  more  than  200  feet  above  sea-level.  We 
found  no  trace  of  any  raised  beach  in  the  upper  Fulmar  Valley  between 
the  great  morainic  bar  and  the  northern  face  of  the  Ivory  Gladen 
In  the  lower  Fulmar  Valley  we  found  traces  of  raised  beaches, 
but  we  doubt  whether  they  reached  the  300-foot  level  (see  H^,  8, 
p.  206).    The  highest  terraces  that  we  could  see  on  the  sides  of 
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Agardh  Dale  were  certaiDly  at 
a  lower  level  than  this  ;  hence 
the  shell-fragments  occur  at 
least  200  feet  above  any  raised 
beach  in  the  immediate  neigh- 
bourhood. If  the  case  rested 
on  shell-fragments  alone,  the 
negative  evidence  would  per- 
haps be  inconclusive  *  ;  but 
the  bulk  of  the  moraine  and 
the  intraglacial  material  con- 
sists of  waterworn  pebbles 
and  similar  beach-material ; 
among  it  we  found,  more- 
over, fragments  of  whale- 
bones and  driftwood.  Raised 
beaches  on  the  flanks  of  a 
valley  would  not  have  yielded 
sufficient  material:  the  quan- 
tity is  so  enormous  that  it  can 
have  come  only  from  some 
thick  deposit,  such  as  that 
formed  in  an  up-silted  bay. 
We  oould  see  no  sign  of 
any  high-level  beach-deposits 
whence  the  material  oould  have 
been  derived. 

Considering,  therefore,  that 
the  glacier  certainly  passes  over 
beach-material,  which  it  can 
be  almost  seen  to  enclose  and 
elevate,  we  have  no  hesitation 
in  attributing  the  present  ele- 
vation of  the  shells  to  uplift 
by  the  glacier  rather  than  to 
derivation  from  hypothetical 
deposits,  the  existence  of  which 
at  the  height  required  is  im- 
probable. 

The  upward  flow  of  layers  of 
glacier-ice  was,  however,  proved 
in  another  way.  Fig.  4  is  a 
diagrammatic  sketch  of  part 
of  the  eastern  side  of  Booming 
Glacier,  about  ^  mile  from  its 
lower  end.  A  seam  of  ice- 
breccia  is  seen  to  run  obliquely 
across  the  section  from  top  to 
bottom.  If  the  glacier  were 
flowing  like  an  ordinary  stream 
in    an   unobstructed  channel. 


*  Seftgulls,  for  instance,  carry  shells  to  their  neets.    Some  cases  of  the  occur- 
rence 01  shells  at  high  IcTels  may  be  thiu  explained. 
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a = Ordinary  granular  ice. 
6=Ioe-breocia.    /=  Laminated  ice. 
cb  Black  maasiTe  ice.    «=SSrac8. 


then  this  band  of  ice-breccia  would   cut   right  across  the  lines 

of  flow.     The  stratification  of  the  glacier  at  this  point  is  clearly 

due  to  deposition,  for  the  breccia  has  certainly  not  been  formed 

by  crushing  along  a  plane 

within    the    glacier.     The        Fig.  4. — Part  of  the  eastern  side  of 

section  shows  therefore  that  Booming  Glacier. 

the  movement  of  the  ice  is 

oblique  to  the  main  axis  of 

the  glacier. 

The  diflferential  move- 
ment in  the  Spitsbergen 
glaciers  that  we  have 
been  previously  considering 
must  be  too  limited  in 
lateral  range  to  account  for 
any  commingling  of  boul- 
ders from  different  sources. 
The  diflferential  movements 
caused  by  the  deformation 
of  the  ice  during  its  flow  may  be  considerable  in  amount  both 
vertically  and  longitudinally.  But  the  lateral  movements  thus 
produced  must  be  small.  Glacial  geologists  long  ago  explained' 
the  intermixture  of  boulders  from  various  localities  by  the  assump- 
tion that  the  ice  at  different  levels  below  the  same  point  on  a 
glacier  may  be  moving  in  different  directions.  That  this  supposed 
action  does  take  place,  and  on  a  large  scale,  is,  we  think,  proved  by 
the  following  case.  It  is  further  of  interest  as  an  illustration  of 
the  spasmodic  nature  of  the  alternate  advance  and  retreat  of 
Spitsbergen  glaciers. 

The  terminal  face  of  Booming  Glacier  is  at  present  advancing, 
whereas  nearer  its  source  the  glacier  is  diminishing,  apparently 
owing  to  a  diminution  in  the  snowfall  at  its  head  (see  Pis.  XVIII 
&  XIX).  The  upper  surface  of  the  glacier  is  saucer-shaped,  being 
higher  at  the  margin  than  in  the  middle,  so  that  it  appears  as  though 
the  ice,  in  flowing  forward,  were  climbing  upward.  But  we  doubt 
whether  this  be  the  true  explanation  :  it  seems  more  probable 
that  the  central  depression  has  been  formed  by  subsidence,  owing 
to  the  melting  and  solution  of  the  lower  layers  of  the  ice.  It  is, 
of  course,  possible  that  the  ice  has  actually  been  forced  to  rise  up 
a  slope  of  moraine,  much  as  water  is  heaped  up  round  the  margin 
of  a  lock  into  which  a  powerful  current  is  flowing.  Chamberlin  * 
has  described  cases  among  the  North  Greenland  glaciers  in  which 
the  downward  slope  is  not  uniform  in  direction,  but  is  interrupted 
by  depressions  sometimes  so  great  as  to  lead  to  a  reversal  in  the 
flow  of  the  supraglacial  streams.  These  reversed  slopes,  however, 
compared  with  the  ice-fields  on  which  they  occur,  form  only  minor 
undulations,  and  the  glacier  may  be  riding  over  obstructions  in  the 

^  See,  for  example,  J.  G.  Goodcbild,  '  The  Glacial  Phenomena  of  the  Eden 
Valley/  Quart  Joum.  Geol.  See.  vol.  xxxi  (1875)  p.  fi9. 

*  T.  C.  Chamberlin,  'Glacial  Studiei  m  Greenland,'  pt  x.  Joum.  Geol. 
Tol.  T  (1897)  p.  231. 
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manner  of  the  oar  of  a  switchback.  Bat  the  upward  slope  on  the 
margin  of  Booming  Glacier  is  so  great,  in  proportion  to  the  length  of 
that  glacier,  that  we  cannot  reconcile  the  ascent  of  the  ice  with 
any  theory  of  glacial  flow.  We  are  therefore  driven  to  regard  the 
depression  in  the  middle  of  this  glacier  as  due  to  recent  shrinkage. 
S^me  of  the  tributaries  to  Booming  Glacier  have  not  been  affected 
by  the  diminished  snowfall  which  has  led  to  the  decrease  of  the 
main  stream.  Thus  a  glacier  that  flows  down  from  the  Baldhead 
has  continued  to  advance,  and  is  now  spreading  out  over  the  ice- 
stream  by  which  it  was  ODce  dammed  back  and  absorbed.  A  point  in 
the  middle  of  Booming  Glacier,  which  at  one  time  only  received 
material  from  the  sources  of  the  main  stream,  now  receives  a  supply 
from  the  source  of  the  tributary.  If  Booming  Glacier  increases 
in  size,  it  will  again  block  the  lateral  glacier,  and  all  the  morainic 
material  along  its  middle  line  will  come  from  the  peaks  at  its  head. 
Hence,  in  the  deposits  of  the  glacier  there  would  be  a  layer  with 
boulders  from  the  west,  interstratified  between  layers  in  which  all 
the  material  came  from  the  south. 


III.  The  Deposits  of  the  Glacibrs. 

The  deposits  of  the  Spitsbergen  glaciers  may  be  conveniently 
divided  into  four  groups  : — 

(1)  Normal  moraines  of  the  Swiss  type. 

(2)  Moraines  formed  of  intraglacial  material. 

(3)  Moraines  formed  of  redeposited  beach-material. 

(4)  Glacial  gravels. 

(1)  Normal  Moraines  of  the  Swiss  type. 

This  division  includes  moraines  formed  of  material  that  has 
been  carried  on  the  surface  of  glaciers.  The  boulders  of  these 
supraglacial  moraines  are  mainly  angular,  irregular,  and  unscratched; 
they  generally  occur  in  ill-assorted  material,  which  is  coarse  and 
granular,  and  in  which  arenaceous  material  predominates.  A  few 
rounded  and  some  scratched  boulders  occur,  but  the  proportion  is 
not  greater  than  in  an  ordinary  Swiss  moraine. 

Moraines  of  tliis  character  are  common  in  the  Spitsbergen 
uplands.  As  examples,  we  may  cite  some  of  those  on  the  flanks 
of  Booming  Glacier,  one  in  Esker  Valley  on  the  north-eastern  side 
of  Brent  Pass,  and  the  moraines  at  the  northern  foot  of  Mount 
Nordenskiold. 

The  moraines  agree  in  their  general  characters  with  those  of 
existing  Swiss  glaciers,  and  there  is  accordingly  no  need  to  describe 
them. 

We  may  refer,  however,  to  a  case  of  the  formation  of  crescentic 
moraines  by  the  Grit  Kidge  Glacier.  A  lateral  glacier  in  the  valley 
is  depositing  a  series  of  crescentic  terminal  moraines  on  the  surface 
of  the  main  glacier.     These  moraines  are  being  carried  forward 
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by  the  main  stream,  and  when  that  melts  they  will  be  deposited 
along  one  side  of  its  valley.  The  direction  of  the  moraines  of  this 
tributary  will  be  different  from  that  of  the  deposits  of  the  main 
glacier ;  and  the  moraines  will  be  probably  deposited  at  the  foot  of 
the  left  bank  of  the  valley,  some  distance  below  the  tributary  at 
the  mouth  of  which  they  were  formed.  The  occurrence  of  small 
terminal  moraines  along  the  sides  of  a  valley  has  been  recorded  in 
England  and  Greenland,  and  variously  explained. 

(2)  Moraines  formed  of  Intraglacial  Material 

are  more  important  and  interesting.  The  main  characters  of  these 
deposits  are  that  the  materials  are  subangular  and  rounded  ;  while 
scratched  and  polished  pebbles  and  boulders  are  abundant.  The 
coarser  constituents  are  scattered  through  a  fine-grained  matrix, 
which  is  oft-en  well  laminated,  and  may  be  false-bedded :  this 
matrix  is  frequently  argillaceous.  Lenticular  masses  of  day  in 
sand,  or  of  sand  in  clay,  are  often  present.  The  ihoraine  may  be 
either  well  stratified,  or  there  may  not  be  a  trace  of  stratification 
in  it. 

The  most  striking  difference  between  moraines  of  this  group  and 
those  of  the  Swiss  type  is  the  much  greater  percentage  of  rounded 
and  striated  boulders.  Thus,  in  the  supraglacially-formed  moraines 
of  Booming  Glacier,  it  often  needed  some  search  to  find  a  striated 
boulder.  The  following  list  shows  the  character  of  the  intra- 
glacial  material,  represented  by  a  small  heap  lying  in  front  of  the 
face  of  Booming  Glacier : — 

Boulders.      Pebbles. 

Boanded  and  striated 27  6 

Angular  and  subangular  and  striated     ...       7  0 

Angular,  but  not  striated  12  10 

Bounded,  but  not  striated     3  3 

The  matrix  was  a  tough  clay.  The  proportion  of  pebbles  was 
smaller  than  usual,  for  in  some  heaps  they  were  more  numerous  than 
the  boulders. 

Moraines  of  intraglacial  material  are  common  in  Spitsbergen 
around  existing  glaciers.  They  often  form  the  basis  of  old  moraines, 
the  surfaces  of  which  are  covered  by  a  layer  of  supraglacial 
morainic  material.  Our  interest  in  these  moraines  was  at  once 
roused  by  their  remarkable  resemblance  in  composition  to  Boulder 
Clay.  On  the  broad  plain  at  the  foot  of  Booming  Glacier  we 
found  some  square  miles  of  a  tough  mud  cont-aining  boulders  and 
pebbles ;  it  only  needed  to  be  dried  and  hardened  in  order  to  form 
an  ideal  Boulder  Clay.  Clearly  this  deposit  had  been  laid  down  by 
land-ioe,  but  not  as  a  tip-heap  at  the  end  of  a  glacier.  As  the 
glacier  gradually  melted  away,  the  materials  scattered  through  it 
were  deposited  upon  the  valley-floor.  Sections  cut  by  streams 
through  the  deposits  showed  them  to  be  sometimes  laminated  with 
remarkable  regularity,  forming  clays  of  the  type  named  by  Good- 
child  ^  gutta-percha  diays.' 


Digitized  by 


Google 


210  MB.  B.  J.  6ABW00D  &  DB.  J.  W.  GBEeOBT         [May  1 898, 

These  deposits  are  not  always  regularly  stratified,  for  they  may 
he  laid  down  in  contorted  masses.  An  instance  of  the  formation  of 
suth  contorted  drifts  was  afforded  hy  the  Reiper  Glacier,  in  which 
the  hasal  layers  of  ice  and  tlie  dehris-hands  were  contorted  hy 
lateral  pressure.  On  the  melting  of  the  ice,  its  included  material 
is  evidently  dropped  into  false-bedded  and  contorted  layers. 

(3)  Moraines  formed  of  redeposited  Beach-material 

occurred  in  most  of  the  principal  valleys  at  the  point  where  the 
glaciers  had  at  one  time  entered  the  sea.  There  is  one  in  Advent 
Dale,  below  the  junction  with  De  Geer  Valley.  But  the  moraine 
of  tins  group  to  which  we  devoted  the  most  careful  examination  is 
situated  along  the  south-eastern  face  of  Ivory  Glacier.  That  moraine 
forms  a  series  of  conical  hills  of  gravel,  composed  almost  entirely 
of  pebbles  and  sand ;  a  few  boulders  occurred  in  it,  and  there  were 
numerous  broken  shells,  blocks  of  driftwood,  and  fragments  of 
whalebones.  As  a  rule  the  deposit  was  unstratified,  but  in  places 
the  streams  that  flowed  from  the  face  of  the  glacier  hod  re-sorted 
some  of  the  materia]. 

In  this  Ivory  Gla(;ier  moraine,  although  most  of  the  materials 
have  come  from  shore-deposits,  land-ice  is  alone  responsible  for 
their  present  arrangement.  But  where  a  glacier  has  reached  the 
sea,  water  plays  a  more  important  part  and  the  materials  are 
stratified.  At  Cape  Lyell  there  are  the  remains  of  an  old  moraine 
in  which  the  materials  are  stratified  and  very  false-bedded :  the 
deposits  appear  to  have  been  arranged  by  tidal  action  at  the  foot  of 
the  glacier.  The  well-developed  stratification  of  the  beds  on  the 
western  side  of  the  great  moraine  in  Advent  Dale  was  probably 
similarly  produced. 

Mr.  Lament  *  has  described  a  moraine  in  Deeva  Bay,  and  Col. 
Peilden  another  at  the  head  of  Green  Harbour,  both  of  which  may 
belong  to  this  group.  Feilden  calls  the  latter  a  '  subaqueous 
moraine,'  and  says  '  I  have  no  doubt  that  this  moraine  was  formed 
under  water.'  ^  But  in  a  second  description  of  the  moraine  he  adds 
that  the  beds  do  not  show  any  sign  of  stratification  ;'  and  we  must 
confess  to  a  doubt,  as  to  whether  mixed  materials  can  be  deposited 
on  a  large  scale  in  shallow  water,  and  exposed  to  the  strong  tides  of 
a  Spitsbergen  fiord,  without  showing  some  ^  sign  of  stratification.' 

(4)  Glacial  Gravels. 

One  of  the  most  remarkable  observations  made  by  Nansen  during 
his  traverse  of  Greenland  was  the  insignificant  part  which  water 

1  Jas.  Lament,  *  Notes  about  Spitsbergen  in  1859/  Quart.  Joum.  GeoL 
Soc.  vol.  xvi  (I860)  p.  431. 

*  H.  W.  Feildeu,  •  A  Subaqueous  Moraine/  Glac.  Mag.  vol.  ii  (1894)  p.  4. 

'  Id.,  'Notes  on  the  Glacial  Geology  of  Arctic  Europe  &  its  islands. 
Pt  11/  Quart.  Joum.  Geol.  Soc.  vol.  lii  (1896)  p.  740. 
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appeared  to  play  in  the  economy  of  the  ice-sheet.  He  found  no 
stream  flowing  over  the  surface  of  the  ice,  and  accordingly  scouted 
the  idea  that  kames  and  eskers  could  have  heen  formed  in  channels 
upon  the  surface  of  the  ice-sheet.  The  ohservations  of  other  explorers 
have,  however,  shown  that  the  conditions  of  the  ice-sheet  at  the 
time  of  Nansen's  march  must  have  heen  exceptional.  Jensen,  for 
example,  has  published  views  of  streams  flowing  over  the  surface  of 
the  ice-oap.^ 

We  were  not  surprised  therefore  to  And  that  the  Spitsbergen 
glaciers  are  intersected  by  river-channels,  sometimes  so  deep  as  to 
be  impassable  for  the  sledges,  and  that  numerous  streams  dis- 
charge from  the  terminal  face  of  the  glaciers.  The  stream  that  we 
examined  most  carefully  was  one  on  Flower  Glacier,  the  course 
of  which  we  followed  during  an  ascent  of  Mount  Lusitania.  The 
channels  both  of  the  stream  and  its  tributaries  were  generally  quite 
free  of  debris.  In  fact  all  the  supragladal  streams  flowed  with 
such  velocity  that  they  kept  their  channels  quite  clear,  except  of  an 
occasional  boulder.  Whether  subglacial  streams  deposit  debris 
along  their  courses  we  could  not  of  course  directly  see.  But  their 
velocity,  so  far  as  could  be  judged  from  the  behaviour  of  the  streams 
at  the  mouths  of  their  tunnels,  is  probably  even  greater  than  that 
of  the  superficial  streams.  The  latter  flow  in  open  channels,  whereas 
the  subglacial  streams  are  forced  through  pipes,  the  size  of  which 
is  no  doubt  kept  at  the  minimum  by  the  weight  of  ice  upon  the 
roof.  It  is  only  natural,  therefore,  that  the  power  of  the  subglacial 
currents  should  be  great,  and  it  is  not  likely  that  deposits  would 
be  formed  beneath  them. 

We  at  least  found  no  trace  of  gravel-deposits  resembling  eskers 
formed  either  in  subglacial  or  supraglacial  streams.  The  moraines 
of  the  Ivory  Glacier  were  in  places  kame-like  in  form,  but  they  were 
certainly  not  formed  subglacially.  On  the  plain  at  the  foot  of 
Booming  Glacier  is  a  small  esker-like  ridge,  but  it  is  very  low,  and 
there  is  no  available  evidence  as  to  its  formation. 

We  were,  however,  so  fortunate  as  to  find  a  fairly  typical  esker 
in  a  position  which  left  no  doubt  as  to  its  origin.  It  occurred 
along  the  floor  of  a  valley  which  descended  from  Brent  Pass  to 
the  Sassendal.  The  valley  is  marked  on  Sir  Martin  Conway's  map 
as  the  Esker  VaUey  (fig.  1,  p.  201). 

The  esker  is  about  ^  mile  in  length,  and  its  course  is  slightly 
sinuous.  It  varies  in  width  at  the  base  from  15  to  40  yards.  Its 
upper  end  is  semi-cylindrical  in  transverse  section,  but  at  the  north- 
eastern end  its  summit  is  flattened  into  a  platform  25  yards  wide. 
The  summit  of  the  esker  is  almost  horizontal,  but  the  height  of  the 
ridge  gradually  increases  from  20  to  35  feet  owing  to  the  slope  of 
the  valley.  The  esker  rises  from  a  flat,  which  at  the  time  of  our 
visit  was  ice-covered;  a  stream  flowed  across  the  plain  on  each 
side  of  the  esker.     Beyond  the  flat  a  terrace  of  gravel,  similar  to 

>  J.  A.  D.  Jensen,  '  Expeditiouen  til  Sjd  Gronland  i  1878/  Medd.  om 
OronL  toL  i  (1879)  p  61  &  pi.  iii. 
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that  which  forma  the  esker,  mas  along  each  side  of  the  valley  at 
the  same  height.     (See  fig.  5.) 


Fig.  5. — Sketch-plan  and  ieetians  of  the  eiker-like  gravel-ridge. 
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An  examination  of  the  valley  in  which  this  interesting  gravel- 
ridge  occnrs  leaves  no  doubt  as  to  its  mode  of  origin.  At  one  time 
the  mouth  of  the  valley  was  blocked  by  a  ridge  of  Carboniferous 
cherts  which  converted  the  middle  part  of  the  valley  into  a  lake- 
basin.  The  streams  filled  this  basin  with  gravel  washed  from  the 
great  terminal  moraine  in  the  upper  part  of  the  valley.  Later  on,  the 
Esker  Valley  river  cut  through  the  chert-bar,  and  then  the  streams 
began  the  erosion  of  the  gravel-plain.  The  esker  has  been  left  in 
the  angle  between  the  stream  which  comes  from  Brent  Pass  and  a 
tributary  which  drains  the  southern  slope  of  the  Trident. 

This  explanation,  of  course,  does  not  apply  to  all  eskers.  The 
reasons  given  by  Prof.  Sollas  ^  for  rejecting  this  origin  of  Irish 
eskers  are  conclusive  for  most  cases.  But,  as  Mr.  J.  B.  Woodworth ' 
reminds  us, '  the  term  esker  is  applied  in  common  usage  to  deposits 
having  at  least  slightly  different  modes  of  origin,'  and  ^  each  esker 
should  be  diagnosed  on  its  own  merits.' 

^  W.  J.  Sollaa,  '  A  Map  to  show  the  Distribution  of  Eskers  in  IreUnd/  Sd. 
Trans.  R.  Dubl.  8oc.  ser.  2,  vol.  t  (1896)  p.  786. 

'  J.  B.  Woodworth,  '  Some  Topical  Eskers  of  Southern  New  England,' 
Ptoc.  Boston  Soo.  Nat  Hist  toI.  xzn  (1894)  p.  219. 
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IV.  Mabinb  Iob  and  its  Action. 

Spitsbergen  offers  exceptional  opportunities  for  the  study  of  the 
geological  action  of  marine  ice,  owing  to  its  extensive  shore-lines, 
its  deep  fiords,  its  numerous  exposed  islets,  the  powerful  currents 
in  the  surrounding  seas,  and  the  rapid  elevation  which  the  land  has 
recently  undergone.  Nevertheless,  the  results  of  the  undoubted 
agency  of  marine  ice  are  not  very  conspicuous. 

The  direct  geological  action  of  sea-ice  is,  so  far  as  we  could 
learn,  of  four  kinds  : — 

(1)  The  transportation  of  material. 

(2)  The  contortion  of  shore-deposits. 

(3)  The  formation  of  small  ridges  and  boulder-terraces  above 

sea-level. 

(4)  The  striation,  rounding,  and  furrowing  of  rocks. 

(I)  The  Transportation  of  Material. 

The  three  main  types  of  sea-ice  may  all  act  as  transporting 
agents.  Many  of  the  blocks  that  floated  down  Ice  Fiord  were  black 
with  moraine-matter,  with  which  they  had  been  charged  when  part 
of  a  glacier.  The  ice-floes  formed  by  the  freezing  of  sea-water, 
though  at  first  quite  pure,  are  driven  ashore  by  wind  or  tide,  and 
there  pick  up  a  load  of  beach-material.  In  the  case  of  the  ice-foot 
the  base  is  charged  with  fragments  of  the  beach,  while  its  upper 
surface  is  covered  by  the  talus  that  falls  upon  it  from  the  cliffs. 

Ice  of  all  three  kinds  is  sometimes  stranded,  and  when  it  melts 
away  it  deposits  its  load  upon  the  shore.  That  this  method  of  trans- 
portation of  material  must  take  place  is  obvious,  and  it  has  been 
repeatedly  recorded.  We  need  only  remark  that  we  saw  many 
patches  of  boulders  and  pebbles,  which  were  far  distant  from  their 
place  of  origin.  Along  the  shore  of  Ice  Fiord,  between  Advent  Bay 
and  the  head  of  Sassen  Bay,  there  are  boulders  of  gneiss  from  the 
north-west  of  Spitsbergen,  and  heaps  of  Old  Red  Sandstone  from 
the  head  of  North  Fiord  and  Klaas  Billen  Bay. 

(2)  The  Contortion  of  Shore-deposits. 

Ever  since  the  boat-voyage  of  Bease  &  Simpson  in  1837,  along 
the  northern  shores  of  British  North  America  \  it  has  been  well 
known  that  the  stranding  of  pack-ice  has  a  very  powerful  action  on 
shore-deposits. 

The  first  result  of  this  disturbance  is  the  contortion  of  the  layers 
of  beach-material,  though  this  cannot  be  seen  clearly  until  streams 
have  cut  sections  through  the  deposits.  As  one  example,  we  may 
cite  a  case  observed  at  Fox  Point  on  Cape  Lyell,  on  the  southern 
shore  of  Bell  Sound. 

The  disturbances  produced  by  stranding  floes  are  not  limited  to 
the  spot  actually  struck  by  the  ice,  but  frequently  extend  for  some 

'  P.  W.  Dease  &  T.  Simpson,  '  An  Aoeoont  of  [their]  recent  Arctic  Bis- 
coreriet,'  Joum.  B.  Geogr.  Soc.  vol.  viii  (1838)  p.  221. 

aJ.G.S.  No.  214.  Q 
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distance  up  the  beach.  The  shore-deposits  are  often  frozen  hard, 
and  weighted  by  a  load  of  ice  and  snow ;  hence  the  pressure  of  the 
stranding  ice  results  in  a  greater  lateral  movement  of  the  materials 
than  would  happen  if  the  beds  were  loose  and  incoherent,  or  were 
free  to  yield  by  increasing  in  thickness. 

A  second  result  of  the  stranding  of  floating  ice  is  the  formation 
of  bars  at  the  entrance  to  bays.  The  bays  often  remain  frozen  over 
until  much  later  in  the  season  than  the  open  fiords  or  sea.  Thus 
Advent  Bay  was  almost  entirely  covered  by  fast  ice  early  in  July, 
when  Ice  Fiord  contained  only  loose  drifb-ioe.  Advent  Bay  is 
situated  at  an  angle  in  Ice  Piord,  where  the  shore,  after  a  long 
east-and-west  course,  makes  a  bold  sweep  t-o  the  north-east.  The 
prevailing  winds  blow  up  the  fiord,  and  they  accordingly  drive  the 
ice  along  the  stretch  of  straight  shore-line,  and  pack  it  into  the 
angle  by  Advent  Bay.  As  the  ice  grinds  along  the  shore  it  pushes 
the  beach-material  eastward,  until  it  has  formed  a  bar  which  juts 
out  for  a  third  of  the  distance  across  the  bay.  The  bar  has  been 
strengthened  by  the  accumulation  of  river-borne  sediment  in  the 
dead  water  behind  it,  and  by  the  packing  of  shore-material  by 
stranding  ice  in  front.  Most  of  Advent  Point  is  now  above  sea- 
level,  but  its  low,  flat  surface  shows  that  it  has  been  at  one  time 
out  down  by  marine  denudation.  At  Lomme  Bay  is  a  similar  bar, 
of  which  an  admirable  photograph  has  been  taken  by  Mr.  Leigh 
Smith  ;  the  bar  in  this  case  is  narrower  than  that  at  Advent  Bay, 
so  that  stranding  ice  can  ride  across  it,  and  plane  down  the  ridges 
formed  whenever  the  bar  is  pinched  by  heavy  pack-ice. 

The  height  on  the  shore  to  which  action  of  sea-ice  extends  is, 
however,  comparatively  small.  We  were  unable  during  our  short 
stay  to  determine  the  maximum  height  to  which  ice  can  rise  ;  for 
on  a  coast  undergoing  such  rapid  elevation  as  that  of  Spitsbergen 
it  is  impossible  to  distinguish  between  the  action  of  ice  forced  up 
from  the  sea  at  its  present  level  and  that  of  ice  which  grounded  when 
the  land  was  lower.  The  crews  of  the  Norwegian  sloops,  whose  ex- 
perience  of  the  Spitsbergen  coasts  has  been  gained  in  many  seasons 
and  under  different  conditions,  all  agreed  that  the  coast-ice  rarely 
rises  more  than  about  40  feet  above  sea-level.  Mr.  Martin  Ekroll, 
who  wintered  on  the  east  coast  of  Spitsbergen  and  carefully  observed 
glacial  action,  gave  60  feet  as  the  highest  level  to  which  he  had 
seen  ice  pushed  above  the  sea. 

(8)  Shore-ridges  and  Boulder-terraces. 

Series  of  raised  beaches  at  different  levels  are  common  in  Spits- 
bergen, and  associated  with  these  are  two  features  which  may  be 
noticed,  as  due  to  the  action  of  shore-ice. 

Between  the  main  raised  beach-lines  occur  numerous  small  wavy 
ridges,  which  often  resemble  the  ridges  between  plough-furrows. 
A  few  days'  observation  on  shore  supplied  a  simple  explanation  of 
their  mode  of  origin.  At  the  end  of  June  the  shore  of  Ice  Piord 
was  bounded  by  a  belt  of  fast  ice ;  as  it  melted,  a  channel  of  water 
was  formed  between  it  and   the  shore.     When  the  temperature 
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fell  to  ireeziiig-pomt,  this  water,  being  practioally  quite  fresh,  was 
frozen.  Owing  to  the  resistance  of  the  ice-belt,  the  newly-formed 
ice  could  expand  only  on  the  landward  side ;  as  the  young  ice 
presses  against  the  shore,  it  pushes  the  beach-material  before  it 
into  ridges.  These  are  often  somewhat  irregular  in  their  course, 
for  the  water  freezes  into  hexagonal  masses,  and  the  ridges  neces- 
sarily acquire  the  angular  course  of  the  margin  of  the  ice  that 
forms  them. 

A  second  characteristic  feature  of  a  beach  moulded  by  shore-ice 
is  the  occurrence  of  lines  of  large,  rounded,  or  subangular  stones,  in 
form  strikingly  like  those  of  the  East  Anglian  Boulder  Clay.  They 
are  pressed  together  so  closely  and  regularly  as  in  some  cases  to 
ireeemble  a  terrace  of  masonry  or  a  pavement  of  cobbles.  The  first 
beaches  of  this  type  that  we  met  with  were  at  Cape  Starashchin. 
The  shore  is  steep,  and  is  broken  into  a  series  of  platforms ;  the 
faces  of  the  platforms  are  almost  entirely  free  from  boulders,  while 
the  terraces  between  are  often  paved  with  closely-packed  boulders. 
Subsequent  observation  and  dredging  between  tide-lines  showed 
that  these  peculiar  congregations  of  boulders  were  due  to  stranding 
ice,  which  had  pushed  the  boulders  before  it  to  just  above  sea-level, 
and  left  the  beach  between  tide-lines  quite  dear. 

A  good  illustration  of  similar  boulder-terraces  on  Rolfsoe,  near 
.Hammerfest,  is  given  in  the  atlas  to  the  voyage  of  the  Eecherehe.^ 
Baron  von  Nordenskiold '  has  described  similar  boulder-accumula- 
tions in  Nova  Zemlya ;  he  calls  them  '  stone  ramparts,'  and  gives 
^e  same  explanation  as  that  at  which  we  had  independently 
arrived*  The  *  boulder-pavements '  on  the  shores  of  the  American 
lakes,  which  have  been  admirably  described  and  figured  by  Prof. 
J.  W.  Spencer,'  may  be  mentioned  in  this  connexion ;  but  they  are 
different  both  in  aspect  and  origin. 

These  peculiar  lines  of  boulders  are  probably  not  easily  destroyed, 
and  thus  they  may  sometimes  be  useful  as  a  test  of  shore-action. 
Campbell^  has  described  a  beach  near  Bunrobin  in  Sutherland, 
composed  of  *  terraced  piles  of  boulders  which  do  not  seem  to  be 
moraines,'  but  which  may  be  an  example  of  this  form  of  ice-action. 
Campbell  himself  suggested  that  it  was  probably  due  to  the  ice- 
foot. 

(4)  The  Striation^  Bounding^  and  Furrowing  of  Bocks. 

We  had  few  opportunities  of  observing  the  action  of  shore-ice  on 
rocky  shores,  as  our  camps  during  the  early  period  of  our  visit  were 
on  wide  raised  beaches.  But  that  shore-ice  can  both  scratch  and 
poHsh  rocks  we  had  abundance  of  indirect  proof.    The  same  results 

>  *  Voyages  en  Scandinavie  .  .  .  •  sur  la  corrette  la  Reckerche*  Atlas  g6o- 
lodque,  pL  Tii 

>  A  E.  Nordenskiold,  '  The  Voyage  of  the  Vega  round  Asia  &  Europe.' 
vol.  i  (1881)  p.  188.  *^ 

^  J.  W.  Spencer, '  Ancient  Shores,  Boulder-payemente,  &  High-level  Gravel- 
deposits  in  the  Begion  of  the  Qreat  Lakes,  BulL  QeoL  Soc.  Amer.  vol.  i 
(1»0)  TO- 71-864  pi.  1. 

«  J.  F.  Campbell, '  Frost  and  Fire,*  toL  ii  (1865)  p.  155. 

Digitized  by  VjOOQ IC 


216  MB*  s.  J.  eABWooD  &  DB.  J.  w.  GBEOOBY      [May  T898, 

are  produced  by  land-ice,  and  we  saw  no  means  of  discriminating 
between  the  strise  produced  respectively  by  glaciers  and  floating  ice. 
We  were  therefore  interested  to  hear  from  Mr.  Martin  Ekroll  that, 
in  his  opinion,  furrows  are  formed  only  by  the  latter  agent.  The 
furrows  he  regards  as  always  due  to  fragments  of  floes  which  have 
been  thrown  up  on  their  sides  ;  the  whole  weight  of  the  slab  of  ice 
then  presses  directly  upon  the  surface  below.  The  edge  of  the  ioe 
becomes  charged  with  rock-fragments  from  the  beach,  and  as  it  is 
driven  forward  it  cuts  into  the  rock-surfaces  like  the  edge  of  a  flle, 
instead  of  polbhing  them  like  its  face. 

Mr.  Lament  ^  has  previously  described  a  glacial  furrow  on  one  of 
the  islands  of  Stor  Fiord,  and  given  good  reasons  for  thinking  that 
it  was  formed  by  floating  ice ;  the  furrow,  however,  in  that  case 
was  not  cut  in  solid  rock. 

V.  Tbaoes  op  Formbb  Glaciation. 

The  literature  upon  Spitsbergen  abounds  in  references  to  the 
former  greater  extension  of  some  of  the  existing  glaciers.  But  there 
has  been  a  complete  agreement  as  to  the  absence  of  any  signs  of  a 
pre- Pleistocene  glaciation.  Sedimentary  rocks  belonging  to  the 
pre-Bevonian,  Devonian,  Carboniferous,  Triassic,  Jurassic,  Cretaceous, 
and  PalsBogene  systems  are  abimdant ;  but,  as  Baron  von  Norden- 
skiold  teUs  us,  *  at  least  we  in  vain,  in  the  various  rocks  of  that 
island,  searched  for  stones  furrowed  by  the  action  of  ice,  or  boulders, 
or  other  beds  resembling  the  glacial  deposits  of  the  present  age.' 

We  were,  however,  so  fortunate  as  to  discover  two  cases  of 
apparent  glacial  deposits  in  the  Spitsbergen  series.  The  oldest  is  a 
bed  of  a  massive  conglomerate  at  Fox  Point,  which  belongs  to  tiie 
Hekla  Hook  series.  The  best  section  is  exposed  in  a  small  headland, 
and  shows  some  50  feet  thickness  of  the  series. 

The  matrix  is  comparatively  flne-grained,  and  has  acquired  by 
pressure  an  imperfect 
foUation.   (See  fig.  6.)  ^^g-  ^.—Diagram  of  the  Hekla  Hook  ghdal 

Scattered  through  the  ^>^^  ^^^  ^^"^^ 
groundmass  are  huge 

boulders,  of  which  the  /^\^ 

lai^est  was  6  feet  high  __«,^-'<5N  o'*  c^N 

and  7  feet  long.     The  /^^^S-O  '  V '''  ^  vNX 

boulders  are  roughly  >^^^^^\!'v.  ^^S\^^^ 

rounded,  and  the  sur-  ^^  \^Si'^\ ^'  ^  /^^^  \^v\ 

faces    are    sometimes  /S<^'^^  ^  "^^'i  vO>^^*--^^  xS^ 

marked  by  indefinite  ^^^  '"     v. \^^.^n. --x:\XiN  -vr 

groovings,but  we  were 
unable  to  find  any 
definite   striae.      The^ 


boulders  consist  of  a  ar=Boulder  5  feet  high  and  7  feet  long, 

miscellaneous    collec- 
tion of  granites  and  gneisses,  none  of  which  have  at  present  any 
outcrop  near  the  locality  where  the  deposit  occurs. 

^  Jas.  Lament, '  SeaBons  with  the  Sea-Honee/  1861,  p.  204. 
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The  matrix  is  often  contorted,  and  the  fine  beds  are  crushed  and 
bent  as  they  pass  round  the  huge  boulders.  This  crushing  and  the 
imperfect  deayage  are,  no  doubt,  due  to  subsequent  earth-moyements. 
But  the  deposit  is  not  a  crush-breccia,  and  the  boulders  are  foreign 
to  the  locality.  The  general  aspect  of  the  deposit  is  strikingly  like 
that  which  a  moraine  would  probably  adopt  if  solidified,  uptilted, 
and  subjected  to  extreme  pressure.  The  age  of  the  deposit  is  pro- 
bably the  same  as  that  of  the  old  glacial  conglomerate  on  the 
Varanger  Fiord  described  by  Eeusch  and  Strahan. 

On  the  northern  face  of  Bunting  Bluff,  in  beds  which  are  of  late 
Mesozoic  or  early  Kainozoic  age,  one  of  us  found  another  apparently 
glacial  deposit.  It  contained  huge  boulders  of  granite  and  other 
rocks  foreign  to  the  locality ;  some  of  these  showed  scratches  which 
are  probably  glacial  in  origin. 

At  the  mouth  of  Bell  Sound,  we  found  another  case  of  the 
occurrence  of  polished  boulders  scattered  through  a  matrix  of  fine 
materials.  This  bed  is  Lower  Kainozoic ;  but  the  boulders  were  all 
well  rounded,  and  they  were  never  more  than  a  foot  in  diameter. 
The  evidence  in  this  case  is  less  satisfactory,  but  the  action  of  float- 
ing ice  would  afford  the  most  ready  explanation  of  the  characters 
of  the  deposit. 

YI.  SoMB  Genebal  Conolttsioks. 

In  the  preceding  pages  we  have  tried  to  limit  ourselves  to  a  simple 
statement  of  facts,  only  classifying  our  observations  and  introducing 
jsuch  theoretical  suggestions  as  to  justify  their  record.  We  now 
propose  to  refer  very  briefly  to  the  bearing  of  some  of  the  facts  on 
the  problems  of  glacial  geology. 

(1)  Land-ice  versus  Sea-ice. 

In  view  of  the  long  controversy  between  the  advocates  of  land- 
flnd  floating  ice,  we  sought  for  some  test  by  which  to  distinguish 
the  action  of  these  agents.  But  we  could  find  no  character  by  the 
use  of  which  it  would  be  possible  to  decide  whether  a  given  deposit 
had  been  formed  by  glaciers  or  by  floating  ice.  Both  forms  of  ice 
round  rocks,  cut  striae,  and  deposit  heaps  and  ridges  of  contorted 
and  false-bedded  material.  The  mere  presence  of  marine  shells  is 
useless,  for  they  are  transported  and  uplifted  like  any  other  material 
with  which  a  glacier  has  to  deal. 

True  boulder-paved  terraces  and  shore-ridges  can  perhaps  be 
formed  only  by  shore-ice ;  but  recognition  of  the  letter  would  be  im- 
possible after  denudation  of  the  deposits  had  taken  place ;  and  cases 
have  been  described  in  which  the  action  of  a  glacier  on  a  moraine 
crowded  with  boulders  has  formed  a  pavement  closely  resembling 
those  of  the  boulder-paved  terraces.^ 

We  found  nothing  being  formed  that  would  consolidate  into  a 
good  Boulder  Clay  like  those  of  Northern  England  except  on  land. 

*  W.  Upham, '  Irregularity  of  Distribution  of  the  Englacial  Driff/  Bull  Qeoh 
Soc  Amer.  vol  iii  (18U2)  p.  136. 


Digitized  by 


Google 


218  MB.  B.  J.  eARwooB  &  BB.  J.  w.  esBeoBT      [May  1898,- 

On  the  other  hand,  we  found  nothing  among  the  morainic  heds 
exactly  like  the  Cromer  Till  and  the  Essex  Boulder  Clay.  And  given 
a  sup^y  of  suitahle  materials,  we  see  no  impossibility  in  the  forma- 
tion in  a  quiet  bay  of  a  subaqueous  deposit  that  would  be  indis- 
tinguishable from  a  boidder-clay. 

The  determination  as  to  which  of  two  types  of  ice  has  formed  a 
particular  deposit  must  therefore  be  left  to  tiie  general  probabilities 
of  each  case. 

(2)  The  Transmarine  Passage  of  Glaciers. 

The  rapidity  with  which  glaciers  are  destroyed  when  they  enter 
the  sea  seemed  to  us  a  feature  of  some  importance  in  connexion 
with  the  suggested  passage  of  an  ice-sheet  from  Scandinavia  into 
England.  Hammer's*  careful  observations  upon  the  Jakobshavn 
Glacier  have  given  exact  data  as  to  the  solution  of  glacier-ice  by  sea- 
water  at  low  temperatures:  he  found  that  in  the  winter,  when 
the  sea-water  was  at  a  temperature  below  —  V  C,  ice  submerged 
beneath  it  diminished  200  times  as  quickly  as  when  exposed  to  air 
of  the  same  temperature.  It  is  therefore  not  surprising  that  no^ 
case  is  known  of  the  passage  of  a  glacier  across  any  belt  of  sea,  aa 
the  old  Scandinavian  Glacier  is  assumed  to  have  done. 

It  may  be  urged  that  an  elevation  of  250  feet  would  convert 
most  of  the  North  Sea  into  dry  land ;  but  the  Norwegian  Channel, 
the  highest  ridge  across  which  lies  140  fathoms  deep,  would  still  be 
left.  To  drain  it,  an  elevation  of  1200  feet  would  be  necessary.  Even 
if  this  great  rise  had  taken  place,  the  channel  would  still  serve  as  a 
serious  obstacle  to  the  passage  of  Scandinavian  land-ice  to  the  south- 
west; for,  as  Prof.  Bonney^  has  pointed  out  in  an  unanswered 
enquiry  in  '  Nature,'  the  ice  would  tend  to  flow  down  the  valley  to 
the  north. 

The  value  of  another  objection  to  the  theory  was  impressed  upon 
us  during  the  voyage  along  the  Norwegian  coast.  Some  of  the 
Lofoten  Islands  and  smaller  islets  to  the  south  have  unglaciated 
contours.  Their  jagged  summits  must  have  risen  above  the  ice,, 
like  the  nunataks  on  the  borders  of  the  Greenland  ice-cap.  In 
some  places  at  least,  the  Scandinavian  ice  cannot  therefore  have 
extended  much  farther  west  than  the  present  coast-line.  This- 
argument  has  been  repeatedly  advanced,  and  the  evidence  in  its 
support  has  been  clearly  summarized  by  Sir  H.  H.  Howorth.^ 

^  B.  B.  J.  Hammer,  '  Undersogelser  ved  Jakobebayns  Isfjord  eg  nsrmeste 
Omegn  i  Vinteren  1879-1880/  Med.  om  GfodI.  toI.  iv  (1883)  pp.  34,  86,  64.  & 
265. 

«  T.  G.  Bonney,  *  The  Scandinarian  loo-eheet,*  Nature,  vol.  xlix  (1894) 
pp  388-^389. 

5  H.  H.  Howorth,  'The  Glacial  Niehtmare  &  the  Flood'  (1893),  vol.  ii, 

Sp.  703-710;  'On  the  Erratic  Boulders  &  Foreign  Stones  of  the  DriAr 
eposits  of  Eastern  England,'  Geol.  Mag.  1897,  p.  155.  For  arguments  in 
support  of  this  view  from  a  different  line  of  consideration,  see  A.  M.  Hansen^ 
<  The  Origin  of  Lake-basins,'  Nature,  vol  xlix  (1894)  pp.  364-365. 
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(2)  The  Uphill  Flow  of  Glaciers. 

With  regard  to  the  cause  of  glader-moTements  we  have  no  fresh 
information.  1^e  found  nothing  inconsistent  with  the  view  that 
the  flow  is  due  to  the  action  of  gravity  alone.  The  one  apparent 
case  of  uphill  advance  with  which  we  met  may  be  as  easily  explained 
by  local  subsidence  of  the  upper  part  of  the  glacier,  owing  to 
diminished  snowfall,  as  by  assigning  climbing  powers  to  the  ice. 

We  do  not  deny  that  ice  may  sometimes  surge  upward  when  meet- 
ing obstacles  in  its  path,  a  fact  which  probably  explains  such  local 
variations  in  the  level  of  a  glacier  as  those  described  by  Bonney ' 
and  Kendall '  on  the  Gomer  Glacier,  by  Chamberlin '  and  Wright  * 
in  Greenland,  or  the  slight  upbending  of  a  thin  glacier-snout  over 
a  moraine  as  recorded  in  the  case  of  the  Glacier  de  Zigiore  Nuove 
by  Sherwood.* 

In  the  case  of  Greenland  a  great  upward  movement  of  ice  is 
often  assumed,  on  the  ground  that  ice  formed  in  the  interior  has  to 
dimb  over  a  marginal  mountain-chain.  Thus  Prof.  Crosby  *  tells 
us  that '  it  is  the  general  belief  of  geologists  that  if  Greenland  were 
divested  of  its  ice-cap  it  would  exhibit  continental  relief — elevated 
margins  and  a  depressed  interior.'  This  view  of  the  geographical 
structure  of  Greenland  appears  improbable.  Geologically  Greenland 
is  very  similar  to  Spitsbergen.  It  very  likely  consists  of  a  high 
plateau  of  sedimentary  deposits  supported  on  a  great  block  of 
Archaean  rocks,  which  are  exposed  round  the  margins.  The  hypo- 
thesis that  there  is  a  great  depression  in  Central  Greenland  is  not 
one  upon  which  it  is  safe  to  base  an  argument. 

(4)  The  Uplift  of  Material  and  Land-ice. 

Nevertheless  we  found  evidence,  which  we  regard  as  conclusive, 
of  the  upraising  of  materials  in  glaciers.  We  can  see  no  other 
satisfactory  explanation  of  the  occurrence  of  shells,  whalebone- 
fragments,  and  driftwood  in  the  Ivory  Glacier  moraines  at  an 
elevation  greater  than  that  of  any  raised  beach  known  in  the 
district.  The  bearing  of  this  fact  on  the  origin  of  the  British  high- 
level,  shell-bearing  drifts  is  obvious;  but  that  question  is  also 
affected  by  the  character  of  the  earth-movements  noW  taking  place 
in  Spitsbergen.  The  archipelago  is  now  undergoing  elevation,  part 
of  which  at  least  must  be  positive,  since  the  rate  of  movement 
varies  horizontally.  Thus  the  highest  terraces  we  saw  were  those 
at  Cape  Starashchin,  which  slope  downward  towards  the  east.    The 

»  T.  G.  Bormer,  *  loe-blocks  on  a  Moraine/  Nature,  vol.  xl  (1889)  p.  391. 

*  P.  F.  Kendall,  *  (Geological  ObeerrationB  upon  some  Alpine  Glaciers/  Glac 
Mag.  ToL  ii  (1894)  p.  121. 

*  T.  C.  Chamberlin,  '  Glac.  Stud.  Greenland/  Jouro.  Geol.  vol.  v  (1897) 
p.  231.  . 

*  G.  P.  Wright  k  W.  XJpham,  *  Greenland  Icefields,*  1896,  p.  95. 

*  W.  Sherwood,  *  Glaciers  of  Val  d*H6rens,*  Nature,  vol.  xlvii(1892)  p.  174. 

*  W.  O.  Crosby,  *  Bngladal  Drift,'  Amer.  Geol.  voL  xvu  (1896)  p.  225. 
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terraces  at  the  mouth  of  the  Sassendal  similarly  descend  to  the 
south-east. 

The  elevation  was  most  rapid  on  the  south  side  of  Ice  Eiord,  especi- 
ally near  its  mouth,  which  is  the  line  of  greatest  recession  of  ioe. 
This  coincidence  is  in  harmony  with  Baron  de  Goer's  ^  theory  that 
depression  and  elevation  have  been  often  determined  by  the 
formation  and  disappearance  of  an  ice-load. 

Hence  the  weight  of  an  ice-cap  on  Snowdon  might  itself  lead 
to  a  depression  of  the  area.  This  would  lessen  the  height  up  which 
the  Moel  Tryfaen  shells  would  have  had  to  be  uplifted  by  a  glacier 
on  the  one  theor}*.  But,  on  the  other  hand,  it  would  weaken  the 
argument  against  the  marine  origin  of  the  Moel  Tryfaen  sands 
based  on  the  absence  of  evidence  of  submergence  in  other  districts. 

We  therefore  express  no  opinion  as  to  the  origin  of  these  drifts, 
as  we  see  no  impossibility  either  in  the  local  subsidence  of  the 
Snowdon  area  or  in  the  uplift  of  the  shells  by  land-ice. 

(5)  The  Flow  of  Glaciers. 

The  internal  processes  in  a  glacier  by  which  this  uplift  of 
material  by  ice  is  possible  are  intimately  connected  with  the  flow  or 
advance  of  the  glacier-ice.  The  mechanical  processes  are  of  three 
kinds. 

There  is  first  a  simple  flow  like  that  of  the  Swiss  glaciers,  which 
takes  place  mainly  in  the  upper  layers  which  are  free  from  intra- 
glacial  material.  The  ice  in  these  upper  layers  appears  more  flexible 
than  that  of  Switzerland,  for  the  ice  in  the  terminal  cornice  is  often 
bent  and  curved.  The  greater  flexibility  may  perhaps  be  due  to  the 
larger  size  of  the  glacier-grains,  some  of  which  are  enormous.  Some 
of  them,  in  a  block  which  had  fallen  from  Booming  Glacier,  were 
4  inches  in  diameter.  These  were  much  larger  than  any  we  had 
seen  in  Switzerland ;  and  the  biggest  that  we  remember  recorded 
thence  were  some  found  by  Forel  on  the  Aletsch  Glacier,  which 
were  as  much  as  3  inches  in  diameter. 

The  nature  of  the  ice-movement  in  the  lower  debris-laden  por- 
tions of  the  glacier  appeared  to  be  very  different  from  that  of  the 
upper  part,  for  the  ice  behaves  as  if  it  were  rigid  and  inflexible. 
The  mere  existence  of  vertical  *  Chinese  walls '  shows  that  the  ice 
is  not  capable  of  rapid  change  of  shape.  The  advance  of  the  ice  is 
effected  not  by  a  flow  like  that  of  a  viscous  substance,  but  by  a 
continual  series  of  deformations,  like  a  rock  which  is  yielding  under 
great  strains.  The  ice  is  crushed  and  fractured,  and  successive 
slices  are  thrust  forward  along  shearing-planes.  A  certain  amount  of 
melting  and  regelation  also  takes  place,  but  these  processes  are  much 
less  important  than  in  the  case  of  Alpine  glaciers  or  of  the  layers 
free  from  debris. 

A  third  type  of  advance  occurs  in  cases  where  the  upper  layers 

I  Q.  de  Qeer,  *  Quaternary  Changes  of  Level  in  Scandinavia,'  Bull.  GeoL 
Soo.  Amer.  vol.  iii  (1892)  p.  67 ;  *  On  Pleistocene  Changes  of  Level  in  Eastern 
North  America,'  Proc.  Bost.  Soc.  Nat.  Hist,  vol.xxv  (1892)  pp.  469,  473-474. 
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of  the  glacier  move  more  rapidly  than  the  lower ;  the  glacier  then 
progresses  by  an  oyerrolling  movement,  banks  of  ice-talus  being 
formed  in  front,  which  are  subsequently  overridden  and  again 
incorporated  in  the  glacier. 

(6)  The  Transport  of  Material. 

All  the  material  carried  by  the  glacier  was  either  snpraglacial  or 
intraglacial.  At  least,  we  saw  no  sign  of  the  dragging  forward  of 
Bubglacial  moraine  matter. 

The  supragladal  material  is  mostly  angular,  and  agrees  in  general 
^sharacters  with  that  of  Swiss  snpraglacial  moraines.  The  main 
differences  are  that  the  erratics  are  usually  smaller  and  the  matrix 
more  argillaceous,  both  of  which  are  due  to  the  nature  of  the  rocks 
of  the  country  and  not  to  the  glacial  agencies. 

The  matenal  carried  intraglacially  is  very  abundant,  and  forms 
the  principal  constituent  of  the  Spitsbergen  moraines.  As  is  known 
to  be  the  case  in  Greenland,  and  as  is  assumed  to  have  been  the  case 
in  the  North  American  ice-sheet,'  the  material  is  mainly  scattered 
through  the  lower  layers  of  the  ice  ;  but  there  are  cases  in  which  it 
occurs  throughout  the  whole  thickness  of  the  glacier.  The  material 
may  be  uniformly  scattered  through  the  ice,  but  it  is  generally 
collected  along  lines  or  into  lenticular  masses.  It  varies  in  amount 
from  a  thin  dust,  which  slightly  discolours  the  ice,  to  moraine-stuff 
which  is  simply  held  together  by  a  small  proportion  of  ice.  We 
have  referred  to  this  material  as  intraglacial,  instead  of  as  *•  englacial,' 
owing  to  the  varying  meaning  given  to  the  latter  term.  It  was  first 
proposed  in  1883  by  Chamberlin',  who  then  used  it  in  contra- 
-distinction  to  *  snpraglacial '  to  include  all  *  the  material  embraced 
within  the  glacial  ice.'  Later  on,  however,  Prof.  Chamberlin  limits 
the  term  to  the  material  in  the  upper  layers  of  the  glacier.  Thus 
he  '  remarks : — *  The  term  englacial,  as  here  used,  does  not  include 
such  materials  as  may  be  lodged  in  the  basal  stratum  of  the  ice 
and  brought  down  to  the  actual  bottom  by  basal  melting.'  Hence, 
Prof.  Chamberlin  would  exclude  from  the  category  of  englacial  drift 
by  far  the  larger  proportion  of  the  material  which  we  include  in 
'  intraglacial '  drift ;  for  we  include  therein  all  materials  included 
in  the  ice  between  the  surface  and  sole  of  the  glacier. 
•  Other  authors,  such  as  Mr.  Warren  Upham  * — the  most  energetic 
recent  champion  of  the  importance  of  *  englacial '  drift, — use  the 
term  in  a  wider  sense  than  either  of  the  definitions  just  quoted. 
The  difference  in  terminology  no  doubt  increases  the  apparent 
difference  of  opinion  as  to  the  importance  of  intraglaciaUy-carried 

*  W.  Upham,  *  Englacial  Drift/  Amer.  (>eol.  vol.  xii  (1893)  pp.  38-39. 

'  T.  0.  Chamberlin,  'Preliminary  Paper  on  the  Terminal  Moraine  of  the 
Second  Glacial  Epoch,'  Ann.  Rep.  U.S.  Geol.  Surv.  no.  iii  (1883)  p.  297. 

'  T.  0.  Chamberlin,  '  The  Nature  of  the  Englacial  Drift  of  the  Miasissippi 
Baain,*  Joum.  Geol.  voL  i  (1893)  p.  60. 

*  W.  Upham,  *  Irregularity  of  Distribution  of  the  Englacial  Drift»'  Bull.  GaoU 
Soo.  Amer.  vol  iii  (1892)  pp.  134-148. 
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material.  Our  observatioDs  certainly  support  the  views  of  those 
who — like  Mr.  Goodchild,  Mr.  Upham,  and  Profl  Crosby — have 
attributed  great  importance  to  it.  The  distinction  between  supra- 
glacial  and  intraglacial  material  is  no  doubt  arbitrary,  for  d^ris 
may  easily  pass  from  one  class  to  the  other :  the  lowering  of  a 
glacier's  surface  by  ablation  must  increase  the  supragladal,  at  the 
expense  of  the  intraglacial  material. 

The  separation  of  intraglacial  from  subglacial  material  appears  to 
us  far  less  definite ;  and  the  six  criteria  suggested  by  Mr.  Upham  ^ 
are  inapplicable  in  Spitsbergen.  As  we  have  previously  remarked 
(p.  203),  there  is  a  very  gradual  passage  from  intraglacial  to  sub- 
glacial  moraine-matter,  although  a  sharp  separation  between  them 
is  often  assumed,  as,  for  example,  by  Upham.'  The  melting  of  an 
ice-sheet  probably  takes  place  on  the  lower  as  well  as  on  the  upper 
surface,  and  this  may  lead  to  some  intraglacial  material  becoming, 
subglacial.  We  agree,  therefore,  with  Crosby '  when  he  argues  that 
there  is  '  no  definite  distinction  between  subglacial  and  englaoial 
till,  because,  broadly  speaking,  it  has  all  been  englacial.' 

We  have  especially  quoted  Mr.  Upham  as  the  latest  champion  of 
the  importance  of  intraglacial  material ;  but  we  have  not  forgotten 
that  tlus  view  was  upheld  in  this  country  many  years  previously  by 
Mr.  J.  G.  Goodchild  *  in  his  remarkable  paper  on  '  The  Glacial  Phe- 
nomena of  the  Eden  Valley  and  the  Western  part  of  the  Yorkshire- 
Dale  District.'  We  were  constantly  reminded  during  our  study  of 
the  Spitsbergen  glaciers  of  his  protest  against  regarding  Glacial 
Drifts  as  a  ground-moraine,  and  of  his  explanation  of  their  deposition 
by  the  quiet  melting-away  of  an  ice-sheet  charged  with  rock- 
fragments.  This  paper  was  written  23  years  ago ;  but  the  views 
expressed  therein  as  to  the  transport  and  deposition  of  glacial 
beds  agree  more  nearly  with  the  glacial  phenomena  seen  in  Spits- 
bergen than  those  of  any  other  contribution  that  we  know  to  Britisb 
glacial  geology. 

(7)  Glacial  Gravel-hills. 

As  in  the  case  of  recent  observers  in  Greenland,'  we  saw  no  sign* 
of  the  formation  of  eskers  in  either  supragladal  or  subglacial' 
channels,  or  by  streams  flowing  through  ice-canons.  The  only 
eskers  that  we  found  must  have  been  formed  by  torrential  action  at 

^  W.  Upham,  'Criteria  of  EngUcial  &  Subglacial  Drift,'  Amer.  GeoL 
vol.  Tiii  (1891)  p.  377. 

«  Id.,  *  Englacial  DriO,'  Amer.  GeoL  vol.  xii  (1893)  p.  38. 

»  W.  O.  Crosby, '  Englacial  Drift/  Amer.  G^eol.  vol.  xvii  (1896)  p.  222. 

*  Quart.  Joum.  Geol.  Soc.  toI.  xxxi  (1876)  pp.  56-99,  pi.  ii ;  and  *  On  Drift,' 
Qeol.  Mag.  1874,  pp.  496-610.  The  former  paper  is  reprinted,  with  additions 
and  explanations,  m  Trans.  Cumb.  &  Westmorl.  Assoc,  no.  xii  (1887)  pp.  111-167. 

^  For  example,  K.  D.  Salisbury,  '  Salient  Points  concerning  toe  Glacial 
Gheology  of  North  Greenland,*  Joum.  Geol.  rol.  ir  (1896)  p.  809.  An  esker  was 
described  by  Komerup  at  Arsalik  near  Holstenborg,  'Geologiske  lagttagelser 
fra  Vestkysten  af  Gronland  (66''  65'-68''  15'  N.  Br.),'  MeddeL  om  GronL  roL  ii 
(1881)  pp.  192-198,  245. 
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some  distance  from  the  edge  of  the  ice.     None  of  the  river-channels 
that  we  saw  either  in  or  on  the  ice  contained  much  debris. 

In  this  connexion  we  may  mention  that  a  few  drumlin-Iike  mounds 
were  met  with,  but  not  in  such  a  position  as  to  throw  any  further 
light  on  their  formation. 

(8)  Differential  Flow  in  Glaciers^  and  the  Striation  of 
Intraglacial  Material. 

Differential  flow  occurs  in  glaciers  on  a  small  scale,  owing  to  the 
movement  along  shearing-planes ;  and  one  consequence  of  this 
appears  to  be  a  striation  of  the  materials  carried  in  the  glacier. 
Prof.  Kussell  *  has  recently  pointed  out  that  ice  charged  with  debris 
must  be  more  rigid  than  pure  ice  otherwise  of  the  same  character. 
When,  therefore,  a  block  composed  of  alternate  layers  of  clean  and 
debris-charged  ice  is  subjected  to  pressure,  it  will  peld  more  readily 
along  the  pure  layers,  and  thus  at  once  cause  a  differential  flow. 
The  pure  layers  are  not  absolutely  free  from  debris,  but  usually 
contain  some  scattered  pebbles,  which  will  be  dragged  forward  across 
the  face  of  the  debris-charged  layer,  causing  mutual  abrasion  of 
the  rock-fragments.  Only  by  some  such  process  can  we  account 
for  the  striation  and  rounding  of  the  intraglacial  material  in  some 
Spitsbergen  glaciers.' 

(9)  The  Evidence  for  Interglacial  Periods. 

The  advance  and  retreat  of  the  Spitsbergen  glaciers  are  very 
irregular,  and  appear  to  be  often  due  to  quite  local  climatic 
changes.  Ground  from  which  ice  has  receded  soon  becomes  covered 
with  v^etation  and  inhabited  by  reindeer  and  foxes.  The  latter 
animals  make  caches  of  dead  reindeer-meat  as  a  supply  for  the 
winter,  for  we  found  heaps  of  bones  which  can  have  been  collected 
only  by  foxes.  The  remains  of  plants  and  bones  may  thus  readily 
become  interstratifled  between  beds  of  glacial  drift  by  a  further 
local  advance  of  the  ice. 

We  found  moreover,  in  several  places,  a  growth  of  plants  on  mud- 
hiUs  covering  sheets  of  '  fossil  ice.'  Owing  to  the  protection  of  the 
overlying  debris,  the  ice  was  melting  very  slowly ;  but  as  it 
dwindles  in  mass,  numerous  slips  take  pl^e  in  the  mud-hills, 
leading  to  the  burial  of  the  plants  in  a  very  admirable  preserving 
medium.  A  future  examination  of  these  beds  would  probably  show 
a  remarkable  interstratiflcation  of  true  glacial  deposits  with  clays 
containing  fossil  plants  and  reindeer-bones. 

^  J.  0.  Biusell,  *  The  Influence  of  Debris  on  the  Flow  of  Glaciers,'  Joura^ 
GeoL  vol.  iii  (1895)  p.  823. 

'  OThe  striation  of  boulders  carried  intraglaciallj  has  been  suggested  by 
Kendall,  Glac.  Macr.  yoL  ii  (1894)  p.  45.  But  the  angularity  of  most  of  the 
Swiss  intraglacial  debris  is  a  further  indication  of  the  simpler  character  of  the 
movements  in  the  ice  there.  The  fact  has  been  used  by  Chamberlin,  Bull. 
GeoL  Soc.  Amer.  roL  t  (1894)  p.  85,  as  an  argument  against  the  uplift  of 
material  in  glaciers. 
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(10)   Glacial  Erosion. 

The  Spitsbergen  fiords  have  been  often  quoted  as  due  to  the 
erosive  action  of  ice.  But,  as  we  hope  to  show  in  describing 
the  structural  geology  of  Spitsbergen,  the  fiords  are  the  direct 
consequence  of  earth-movements.  There  is  no  evidence  of  the 
fiords  having  been  even  considerably  enlarged  by  glacial  action. 
80  far  as  our  observations  extended,  they  support  the  views  of 
those  geologists — notably  Prof.  Bonney* — ^who  have  denied  to 
glaciers  more  than  a  limited  abrasive  power. 

(11)  Glacial  Periods  as  a  Result  of  Epeirogenic 
Movements. 

The  theory  that  glacial  periods  have  been  formed  as  a  consequence 
of  epeirogenic  uplifts  receives  no  support  from  the  glacial  history  of 
Spitsbergen.  Throughout  Eainozoic  times  Spitsbergen  seems  to 
have  been  part  of  a  great  land-area.  In  the  Pleistocene  period 
there  came  a  depression,  which  appears  to  have  coincided  with  the 
maximnm  glaciation  of  the  country ;  for  there  is  no  trace  of  marine 
shells  in  the  late  Kainozoic,  except  after  the  time  of  the  greatest 
extension  of  the  glaciers.  Moreover,  the  gradual  elevation  that  is 
still  taking  place  has  been  coincident  with  a  general  retreat  of  the 
glaciers ;  for  the  cases  of  local  advance  are  not  sufficient  to  outweigh 
the  general  evidence  of  a  considerable  recent  decrease  in  the  extent 
of  the  Spitsbergen  ice-fields. 

EXPLANATION  OF  PLATES  XIH-XIX. 

[AU  the  Plates,  except  PI.  XV,  fig.  1,  &  PI.  XIX,  fig.  2,  are  reproduced,  by  kind 
permission  of  the  Oouncil  of  the  Boyal  Cteograpfaical  Society,  from  blocks 
m  their  possession.] 

Plati  XIII. 

Fig.  1.  Stratified  morainio  material  in  ice,  Plough  Glacier. 
2.  Contorted  morainic  material  in  ice  of  Beiper  Glacier. 

Plate  XIV. 

Fig.  1 .  Formation  of  crescentic  moraines,  Grit  Bidge. 
2.  Terminal  moraine,  Ivory  Glacier. 

Plate  XV. 

Fig.  1.  Moraine  of  Ivory  Glacier. 

2.  Ivory  Glacier,  overriding  terminal  moraine. 

Plate  XVI. 

Fig.  1.  Further  advance  of  Ivory  Glacier,  overriding  terminal  moraine. 
2.  Westernmost  view  of  Ivory  Glacier,  ice  advancing. 

1  T.  G.  "Bonney,  '  Do  Glaciers  Excavate  ? '  Geogr.  Joum.  voL  i  (1893) 
pp.  481-499.  For  a  recent  summary  of  the  literature  on  the  subject,  with  a 
verdict  adverse  to  the  erosive  theory,  see  G.  E.  Culver,  *  The  Erosive  Action  of 
Ice,'  Trans.  Wise.  Acad.  Sci.  vol.  x  (1895)  pp.  339-366. 
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Platb  XVII. 

Fig.  1.  Terminal  fronts  of  Booming  and  Baldhead  Glaciers. 

2.  loe-talufl  formed  from  advancing  upper  layers,  Booming  Glacier. 

Plate  XVIII. 

Fig.  1.  View  showing  the  raised  edge  of  Booming  Glacier. 
2.  Booming  Glacier,  looking  up. 

Plate  XIX. 

Fig.  1.  Upper  portion  of  Booming  Glacier,  showing  the  centre  sagging  away' 
from  the  side  of  the  valley. 
2.  View  of  Starashchin  Bidge. 

Discussion. 

Sir  Mabtin  Conway  called  attention  to  the  fact  that  the  whole  of 
the  oval  terminal  dome  of  the  Ivory  Glacier — 3  miles  wide,  2  miles 
long,  and  about  400  feet  thick — ^had  been  formed  by  the  advance  of 
the  glacier  from  the  neighbouring  side-valley  to  the  north  since 
Von  Heuglin's  visit  to  Agardh  Bay  in  1870.  The  moraine-hills 
(220  feet  above  the  level  of  the  raised  beach  below)  had  therefore 
all  been  formed  within  that  short  interval.  Keferring  to  the 
advance  of  some  of  the  Spitsbergen  glaciers  and  the  retreat  of 
others,  he  pointed  out  that  the  glaciers  which  terminate  with  an 
ice-cliff  in  shallow  bays,  if  they  do  not  advance  over  the  moraines 
deposited  by  them  in  the  water,  must  cut  themselves  off  from  the 
water  by  a  ring  of  terminal  moraines.  Instances  of  glaciers  thus 
cut  off,  and  of  others  thus  advancing  into  the  sea,  were  observed 
by  the  1897  Expedition. 

Prof.  BoNNBY  enquired  whether  Dr.  Gregory  had  been  able  to 
establish  any  relation  between  the  height  to  which  a  glacier  had 
lifted  material  and  that  from  which  it  had  descended.  He  doubted 
whether  much  striation  of  pebbles  would  go  on  in  the  ice,  but  said 
that  in  Switzerland  the  number  of  striated  pebbles  increased  as  the 
moraine  became  more  distant  from  the  present  end  of  the  glacier. 
He  also  asked  whether  the  beach-material  was  found  to  rise  from 
the  north  towards  the  south,  that  is,  in  the  direction  of  movement 
of  the  glacier.    He  thought  the  paper  a  most  important  one. 

The  Rev.  Edwin  Hilt,  said  that  now  for  the  first  time  we  are  given 
an  intelligible  theory  of  how  moving  ice  may  pick  up  materials  and 
raise  them  high  above  its  floor.  The  advance  as  described  seemed 
analogous  to  that  of  a  wave  breaking  on  a  beach,  or  a  '  bore ' 
advancing  up  a  river.  The  uplifting  action  required  a  good  deal  of 
thought  to  attain  a  dear  conception  of  its  cause.  The  talus  would 
doubtless  be  incorporated  in  the  advancing  mass  and,  he  thought, 
might  not  much  impede  it,  but  the  theory  seemed  complete,  and 
independent  of  this.  Such  ice  as  that  described  neither  ploughed 
nor  eroded,  contrary  to  common  views,  nor  did  he  hear  anything 
of  intercrossing  streams.  A  medial  hollow  might  follow  from  sub- 
glacial  melting,  but  what  was  the  cause  of  advance  if  the  rear  were 
lower  than  the  front  ?  He  had  never  listened  with  more  interest 
to  any  paper. 
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Mr.  p.  E.  Keitdall  said  that  the  paper  would  mark  a  distinct 
«poch  in  British  glacial  geology.  Hitherto,  one  hody  of  geologists 
had  attributed  the  drift-deposits  of  Britain  to  the  agency  of  land-ioe, 
while  another  had  invoked  the  agency  of  the  sea.  The  latter  had 
argued  that  glaciers  cannot  move  uphill,  that  they  cannot  transport 
materials  from  lower  to  higher  levels,  that  glaciers  cannot  gather 
up  materials  over  which  they  are  moving,  and  that  eveu  if  they 
could  pick  up  shells  they  would  grind  them  to  pov  dt^r.  The  Authors 
have  shown  that  the  glaciers  of  Spitsbergen  were  actually  doing 
each  of  these  things.  In  his  experience  of  the  Alps  be  had  never 
failed  to  find  a  profusion  of  scratched  stones,  and  had  observed 
in  front  of  the  Gomer  Glacier  actual  striated  ] pavements  of  well- 
glaciated  boulders  showing  the  'forced  arranges u^nt'  described  by 
Hind.  The  ability  of  glaciers  to  striate  englaciil  materials  e^omed 
to  be  indicated  by  the  fact  that,  on  the  surface*  of  the  Findelen 
Glacier,  scratched  stones  had  been  found  (by  hiius=ielf  and  others) 
which  were  being  liberated  by  melting  from  a  gravoUfiUed  crevasse^ 
He  had  ascribed  the  striations  to  chafing  in  ihe  crevasse  by 
differential  movements  of  the  ice.  The  shar^h  s])liiitered  peaks 
referred  to  by  the  Authors  need  not  imply  thnt  they  had  never 
been  overridden  by  ice.  Mr.  G.  H.  Barton  had  described  similar 
appearances  in  the  Nugsuak  peninsula,  wh«  re,  however,  the 
occurrence  of  boulders  and  other  indications  showed  that,  though 
the  rocks  had  been  beneath  the  ice,  rapid  shattiriDg  by  froe!:  had 
destroyed  the  rounded  glacial  contours. 

Mr.  Mabb  also  spoke. 

Dr.  J.  W.  Gbegoby  expressed  gratitude  for  the  reception  of  the 
paper.  With  regard  to  the  points  raised  in  the  discussion,  he  said 
that  Mr.  Kendall's  Swiss  case  of  the  striation  of  intraglacial  material 
was  noticed  in  the  paper.  They  had  considered  the  probable 
destruction  of  glaciated  contours  by  frost,  and  Prof.  Tarr's  sug- 
gestions as  to  the  preservation  of  jagged  outlines  under  an  ice- 
sheet  ;  but  they  could  not  understand  the  sharp  boundary  between 
glaciated  and  non-glaciated  slopes,  except  on  the  view  that  the 
latter  had  stood  out  above  the  ice.  They  had  seen  cases  of 
differential  movement  in  glaciers  on  a  great  scale,  the  ice  at 
different  levels  travelling  in  different  directions.  The  forward 
advance  of  the  end  of  Booming  Glacier  in  spite  of  the  shrinking 
of  the  upper  part  is  probably  due  simply  to  gravity,  the  glacier 
resting  on  a  slope.  He  agreed  with  Mr.  Hill  that  the  retardation 
of  the  advance  of  the  lower  layers  of  the  glacier  by  the  talus-bar  is 
unessential,  nevertheless  he  thought  that  this  retardation  did  takis 
place. 

Mr.  Gabwood,  in  reply  to  Prof.  Bonney,  pointed  out  that,  owing 
to  the  radial  spreading-out  of  the  Ivory  Glacier  where  it  debouches 
onto  the  flat  estuary  in  Agardh  Bay,  nothing  but  the  terminal  front 
is  visible.  In  reply  to  Mr.  Hill  he  observed  that,  although  the 
Authors  did  not  rely  at  all  on  the  retardation  of  the  lower  layers  of 
the  ice  by  the  accumulated  talus  for  the  formation  of  the  vertical 
fronts,  nevertheless  they  considered  that  this  talus  would  probably 
assist  in  that  formation. 
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Pig.  1. — Stratified  morainic  material  in  Ice-plough  Glacier, 


Kgn  2. — Oiint^rted  morainii^  fmTt^}*i(tl  in  ice* 
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Fig.  1. —  Formation  of  crescentic  moi*aines,  Grit  Ridge, 


Fig.  2, — Terminal  m&raine^  Ivory  Glacier, 
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Fig.  1. — Moraine  of  Ivory  Olader, 


Fig^  2,^/worv  Glaeitr^  iivtrridlntf  isrminttl  imnytittg. 
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Fi^.  1. — Further  advance  of  Ivory  Glacier^  overriding  terminal  moraine. 


Fife,  2.—  Wi'i^trrttmiiiit  ilnv  of  Ivot^tf  Ghtcter^  ht  mlmiming. 
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Fig.  1. — Terminal  fronts  of  Booming  and  Baldhead  Olaciers, 


fig.  3. — Ice- tahts  fanned  />(?m  advftnmitj  njipei-  hifa%  Bofimtag  Glaeitr, 
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Fig.  1. —  View  showing  the  raised  ed<)e  of  Booming  Glacier. 


Fig,  2. —  Bmnfin(f  Glacitr^  looJi-itig  vp. 
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Fig.  1. —  Upi^er  Portion  of  Boomiiig  Ghicier^  shotvhig  the  centre  sagjimj 
away  from  the  sule  of  ttie  valley. 


Fig.  2.^Si(trag7uhin  Rldijf  (SpMrrff^n). 
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With  regard  to  the  question  of  the  excavating  power  of  an 
advancing  glacier,  he  tiiought  that  the  very  mode  of  advance 
of  Arctic  glaciers,  as  described  in  the  paper,  militated  strongly 
against  any  appreciable  action  of  this  kind. 

Commenting  on  the  contrast  between  the  angular  contour  of  the 
higher  ground  and  the  curved  slopes  below,  he  pointed  out  that 
the  extremely  rapid  weathering  so  clearly  taking  place  at  the 
present  day  must  long  since  have  removed  most  of  the  more  obvious 
signs  of  glaciation,  if  these  had  been  impressed  on  the  high  ground 
in  former  times. 

He  described  a  deposit  of  glaciated  fragments  of  granite  and 
diabase  occurring  on  the  plateau  of  Sticky  Keep  in  the  Sassendal, 
at  a  height  of  1200  feet  above  the  floor  of  the  valley.  These 
rocks  must  have  been  removed  from  the  north,  and  have  crossed 
the  Sassendal,  unless  we  assume  the  formation  of  the  valley  sub- 
sequently to  the  transport  of  the  boulders.  In  his  second  visit  to 
the  island  last  summer,  he  had  obtained  evidence  confirmatory  of 
this,  which  he  hoped  to  have  the  pleasure  of  laying  before  the 
Society  at  an  early  date. 
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17.  Note  on  Clippbbton  Atoll  (Northern  Pacipio).  By  Rbab- 
Admibal  Sir  Williah  J.  Wharton,  R.N.,  K.C.B.,  F.R.S., 
Hydrographer  to  the  Admiralty.  (Communicated  by  Sir  Abchi- 
BALD  Geoib,  D.Sc.,  LL.D.,  F.R.8.    Read  March  9th,  1898.) 

[Plates  XX-XXIL] 

In  the  eastern  part  of  the  Northern  Pacific,  in  lat.  10°  17'  N.,  long. 
109°  13'  W.,  and  600  miles  away  from  the  nearest  point  of  the 
continent  of  North  America,  is  a  small,  lonely  atoll  called  Clipperton. 
It  has  never  been  properly  surveyed,  but  was  in  1840  sketched  by 
Capt.  Sir  E.  Belcher,  R.N. 

Its  lagoon,  2  miles  in  diameter,  was  then  open  to  the  sea  in  twa 
places,  both  shallow.  The  remainder  of  the  ring  surrounding  it  was 
a  few  feet  above  water,  forming  two  flat,  bare,  crescent-shaped 
islands.  It  was  the  haunt  of  innumerable  sea-birds,  as  might  be 
expected  from  its  solitary  position,  and  it  is  doubtless  to  these  birds 
that  the  fact  that  oo  scrap  of  vegetation  exists  is  due. 

Since  the  date  of  Sir  E.  Belcher's  visit  the  entrances  have  been 
closed  by  piled-up  coral-sand,  the  ring  is  complete,  and  the  lagoon 
is  cut  off  from  the  influx  of  ocean-waters,  except  by  infiltration. 

So  far,  Clipperton  Atoll  only  resembles  many  other  islands  of 
similar  type  and  position,  but  there  is  one  point  which  distinguishes 
it,  so  far  as  I  know,  from  all  other  atolls,  and  that  is  the  existence 
on  one  part  of  the  ring  of  a  mass  of  rock  about  60  feet  in  height. 
Some  atolls  have  an  island  somewhere  near  the  centre  of  the  lagoon, 
but  none,  as  this,  on  the  ring  itself.       *. 

I  have  long  wished  to  know  the  geological  character  of  this 
rock,  but  it  is  only  lately,  by  the  kindness  of  Mr.  J.  Arundel,  who 
visited  the  island  in  connexion  with  its  guano-deposits,  which  have 
been  for  some  time  worked,  that  I  have  obtained  specimens  of  it. 
Mr.  Arundel,  in  sending  me  the  hand-specimens,  stated  that  the  rock 
was  composed  of  volcanic  material  and  coralline  limestone  mixed, 
and  on  receiving  them  I  imagined  that  he  had,  except  in  one  case, 
sent  me  specimens  of  the  calcareous  rock  only. 

I  sent  the  specimens  to  Sir  A.  Geikie,  who  showed  them  to  Mr.  Teall, 
and  I  believe  that  their  first  impression  was  similar  to  my  own. 
They  found,  however,  that  the  pale  specimens  did  not  effervesce  with 
acid,  and  could  not  therefore  be  unaltered  coral-rock,  while  the  only 
dark  specimen  contained  porphyritio  felspars  in  a  finely  crystalline 
base  which  they  surmised  to  be  some  variety  of  trachyte  or  andesite. 
Mr.  Teall's  subsequent  investigation,  submitted  to  the  Society 
together  with  the  present  Note,  brings  to  light  a  remarkable  change 
in  the  structure  and  composition  of  the  apparently  calcareous  speci- 
mens, which  have  proved  to  be  all  of  the  same  trachytic  origin. 

The  position  of  iiiis  undoubtedly  volcanic  mass  is  of  great  interests 
By  no  tiiieory  of  the  formation  of  atoUs  can  the  survival  of  a  portion. 
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of  the  volcanic  base  on  the  rim  alone  be  explained.  If  the  island 
has  sunk,  why  is  it  not,  as  in  all  other  cases,  in  the  lagoon  ? 

If  the  coral  circle  has  grown  up  on  the  flanks  of  the  original 
volcanic  mound,  the  same  difficulty  presents  itself.  Unfortunately 
we  know  nothing  of  the  depths  around ;  and  it  is  only  on  the  some- 
what vague  soundings  of  the  lagoon  by  the  captain  of  a  merchant 
vessel  that  the  plan  is  based,  showing  that  the  depths  there  are  very 
considerable,  amounting  to  50  fathoms. 

If  this  be  so,  it  adds  another  peculiarity  to  the  atoll,  for  in  no 
known  case  is  so  great  a  depth  found  in  so  small  an  atoll. 

On  this  point  Mr.  Arundel  writes  as  follows  : — 

*  After  taking  soundings  in  a  perfectly  round  hole  in  the  lagoon, 
which  looks  very  much  like  an  old  crater,  and  where  we  obtained 
as  much  as  20  fathoms  (a  man  named  Antone  claims  to  have  got 
soundings  at  26  fathoms),  we  started  to  the  north-western  side  of 
the  island.  On  the  way  from  the  circular  basin,  we  took  another 
sounding  in  what  looked  like  a  deep  part,  but  only  obtained  11 
fathoms.* 

The  true  greatest  depth  is  thus  doubtful ;  but  even  20  fathoms 
is  deep  for  so  small  an  atoll. 

The  only  solution  which  presents  itself  to  me  is  that  we  here 
have  the  rare  case  of  coral  forming  on  the  lip  of  a  volcanic  crater, 
one  part  of  which  alone,  perhaps  the  ping,  has  resisted  the  action  of 
the  sea,  which  has  worn  the  rest  of  it  down  to  the  limits  of  wave- 
action. 

It  will  be  remembered  that  the  great  explosion  of  Krakatoa 
resulted  in  the  blowing  away  of  a  large  part  of  the  island  situated 
above  the  hollowed-out  interior,  but  that  the  margin  of  the  actual 
vent  remained  on  one  side  of  the  deep  hole  thus  formed. 

A  simUar  incident,  leaving  a  plug  on  ooe  side  of  the  crater-hollow, 
might  explain  the  Clipperton  Itock. 

EXPLANATION  OF  PLATES  XX-XXH. 

Plate  XX. 
Map  of  Clipperton  Atoll,  reduced  from  the  new  Admiralty  chart 

Plate  XXI. 

View  of  the  rock  on  Clipperton  Atoll,  looking  north-west.  (From  a 
photograph.) 

Plate  XXIL 

Nearer  view  of  the  same  rock.    (From  a  photograph.) 


Q.  J.  G.  8.  No.  214.  B 

Digitized  by  VjOOQ IC 


230  MB.  J.  J.  H.  TBALL  ON  A  PH08PHAT1ZED  [May  1 898, 


18.  A  Phosphatizbd  Tbachyte  from  Clippebton  Atoll  (Nobthebn 
Pacific).  By  J.  J.  H.  Tball,  Esq.,  M.A.,  F.R.8.,  V.P.G.S. 
(Read  March  9th,  1898.) 

[Plate  XXin.] 

Thb  foUowinf?  remarks  are  based  on  five  rock-specimens  from 
Clipperton  AtoU,  referred  to  by  Admiral  Wharton  in  his  description 
of  that  island. 

One  is  a  dark  brown  rock  composed  of  porphjnritic  crystals  of 
glassy  felspar  and  a  compact  groundmass  ;  the  others  are  white  or 
cream-coloured,  and  in  some  of  these  the  same  porphyritic  felspars 
as  in  the  first-mentioned  rock  may  be  observed,  llie  examination 
of  a  series  of  microscopic  sections  shows  that  the  rocks  are  aU  more 
or  less  altered  trachytes. 

The  brown  rock  is  the  least  altered.  It  consists  of  phenocrysts 
of  sanidine  (PI.  XXIII,  fig,  1)  set  in  a  groundmass  of  microlitic 
felspars  and  brown  interstitial  matter.  No  ferro-magnesian  minerals 
are  recognizable.  The  conspicuous  phenocrysts  of  sanidine  are,  as  a 
rule,  comparatively  free  from  inclusions  ;  but  the  rock  contains  also 
some  patches  of  felspar,  which  are  so  crowded  with  inclusions  of  a 
brown  substance  that  the  felspar-material  forms  only  a  small  portion 
of  the  compound  mass. 

An  analysis  of  this  rock  yielded  the  following  somewhat  sur- 
prising result : — 

SiOa  640 

PA 8-4 

AIA 17-9 

FeJO, 4-4 

OaO  1-4 

K,0   4-5 

NajO 60 

LoflS  on  ignition  8*8 

99-4 


The  phosphoric  acid  is  present  in  the  brown  substance,  which 
evidently  represents,  in  a  more  or  less  altered  form,  the  interstitial 
matter  of  the  original  trachyte. 

The  microscopic  sections  of  the  white  or  cream-coloured  rocks  all 
show  the  structure  of  a  trachyte.  In  some  specimens  the  pheno- 
crysts of  sanidine  have  been  more  or  less  preserved,  while  the 
groundmass  has  been  replaced  by  isotropic  secondary  material ;  in 
others  the  phenocrysts  have  disappeared,  and  their  places  have  been 
wholly  or  partially  filled  up  with  the  same  secondary  substance. 
It  is  evident,  therefore,  that  a  trachyte  has  been  attacked  by  some 
chemical  process,  and  that  a  pseudomorph  of  the  rock  has  been 
formed. 
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The  secondary  substance,  when  examined  with  a  high  power,  often 
shows  concentric  or  agate-like  modes  of  aggregation ;  and,  as  the 
silicification  of  acid  and  intermediate  igneous  rocks  is  by  no  means 
an  xmcommon  phenomenon,  it  was  thought  at  first  that  the  white 
rocks  were  merely  silicified  trachytes.  A  chemical  examination  at 
once  dbposed  of  this  idea.  The  most  altered  rock  possesses  the 
following  percentage  composition  : — 

SiO,  (2-8)  and  matter  insol.  in  HQ  5*0 

PA  38-5 

AL,0,     25-9 

FeA     7-4 

Loss  on  ignition  23*0 

99-8 

Thus  95  per  cent,  of  the  rock  is  a  hydrated  phosphate  of  alumina 
and  iron,  somewhat  allied  to  the  so-called  redonite  from  the  island  of 
Redonda,  in  the  West  Indies.* 

The  appearance  of  a  microscopic  section  of  this  rock  is  represented 
in  PI.  XXIII,  ^  2.  The  outlines  of  one  of  the  porphyritic  felspars 
are  clearly  seen,  but  the  original  substance  has  been  replaced  by  the 
phosphate,  which  shows  the  peculiar  agate-like  structure  above 
referred  to.  The  groundmass  has  also  been  replaced  by  the  same 
material. 

To  complete  the  chain  of  eyidence,  an  intermediate  specimen,  in 
which  the  phenocrysts  were  comparatively  unaltered  and  the 
original  structure  of  the  groundmass  was  well  preserved,  was 
partially  analysed.  It  contained  43*74  per  cent,  of  silica,  17  per 
cent,  of  phosphoric  anhydride,  and  gave  12*3  per  cent,  loss  on 
ignition. 

The  three  specimens  above  described  illustrate  very  clearly  the 
progressive  substitution  of  phosphoric  for  silicic  acid,  and  the  intro- 
duction of  water : — 

I.  II.      in. 

SiO,    54*0  43*7        2*8 

PjO,    8*4  17-0      38-5 

Loss  on  ignition 3*8  12*3      23*0 

A  comparison  of  the  whole  series  of  microscopic  sections  proves 
that  the  phosphatizing  process  first  attacks  the  interstitial  matter, 
then  the  microlitio  felspars  of  the  groundmass,  and  last  of  all  the 
porphyritic  sanidines. 

The  chemical  analyses  show  that  the  change  is  accompanied  by 
the  removal  of  silica  and  alkalies,  and  by  the  introduction  of  phos- 
phoric acid  and  water.  This  change  has  probably  been  effected  by 
solutions  of  alkaline  phosphates,  principally  ammonium  phosphate, 
and  other  compounds  derived  from  the  droppings  of  sea-birds.' 

»  0.  U.  Shepard,  Am.  Joum.  Sci.  vol.  xlyii  (1869)  p.  428,  and  vol.  1  (1870) 
p.  96. 

>  Some  additional  specimens  from  Olipperton  have  been  received  from 
Admiral  Whturton.    Tbey  are  portions  of  coral-rock  more  or  less  pboephatixed. 
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Since  the  above  was  written  my  attention  has  been  called  io  an 
important  series  of  papers  *  by  M.  Armand  Gautier  on  the  phosj^atic 
deposits  of  the  '  Grotte  de  Muierve.* 

This  cavern  is  situated  in  the  valley  of  the  Cesse,  in  Heraolt,  at 
the  junction  of  the  Nummulitic  Limestone  and  Devonian.  The  walls 
and  roof  are  of  limestone ;  the  floor  is  formed  of  a  Quaternary 
deposit,  containing  mammalian  remains  and  resting  on  the 
Devonian.  At  a  depth  of  3  or  4  metres  from  the  surface  a  yellowish 
rock  is  met  with,  containing  50  per  cent,  of  the  phosphates  of  lime 
and  alumina.  During  his  excavations  in  this  cavern  M.  Gautier 
found  a  vein  of  a  white,  pasty  substance,  composed  almost  entirely 
of  a  hydrated  phosphate  of  alumina  {Ffi^,  -^a^s'  ^  ^a^)*  ^^' 
which  he  proposed  the  name  *  minervite.'  He  considers  that  this 
substance  has  been  formed  by  the  action  of  ammonium  phosphate 
arising  from  the  decomposition  of  organic  matter,  on  clay  or  hydr- 
argillite.  In  support  of  this  view  he  shows  that  precipitated  alumina 
can  be  wholly  converted  into  a  phosphate  having  the  composition  of 
minervite,  by  the  action  of  a  solution  of  ammonium  phosphate,  and 
that  kaolin  can,  in  the  same  way,  be  partially  changed  into  a 
similar  phosphate.  He  refers  to  the  deposits  of  Alta  Vela,  Eedonda, 
and  Commandeur  (French  Guiana),  and  concludes  that  they  have 
been  formed  in  a  similar  manner. 

Owing  to  the  kindness  of  Mr.  J.  Hort  Player,  I  have  obtained 
specimens  of  the  phosphates  of  Redonda  and  Connetable  (French 
Guiana).  Those  from  Kedonda  are  brown  or  buff-coloured  porous 
rocks,  some  of  which  clearly  show  the  structure  of  an  andesite. 
There  can  be  no  doubt  that  some,  if  not  all,  of  the  Redonda 
phosphate  has  been  formed  from  an  andesite  in  the  same  manner  as 
that  of  Clipperton  has  been  formed  from  a  trachyte. 

The  specimens  from  Connetable,  a  small  island  near  Cayenne,  do 
not  show  igneous  structure.  They  are  whiter  than  the  specimens 
from  Kedonda,  and  closely  resemble  some  portions  of  the  Clipperton 
rocks  in  which  the  igneous  structures  have  disappeared. 

We  may,  therefore,  conclude  that  the  formation  of  phosphates  of 
alumina  and  iron  is  by  no  means  an  uncommon  occurrence  when 
guano  is  deposited  on  igneous  rocks. 


EXPLANATION  OF  PLATE  XXIII. 

Fig.  1.  Altered  trachyte  from  Clipperton  Atoll,  showing  phenooryits  of 
tanidine  set  in  a  groundmass  of  microlitic  feXspan  and  brown 
interstitial  matter.  In  the  central  lower  portion  of  the  slide  is  an 
example  of  the  felspar  crowded  with  brown  inclusions. 
2.  Highly  altered  trachyte,  showing  the  replacement  of  felspar  by  phoe- 
pbate  with  concretionary  structure,  and  the  groundnuiss  replaced 
by  a  similar  material,  but  without  concretionary  structure. 

^ '  Formation  des  Phosphates  naturels  dAlnmine  et  de  Fer,'  Oomptas  Rendos, 
Acad.  Sci.  Paris,  vol.  cxri  (1893)  p.  1491.  See  also  other  papers  in  the  same 
Tolume  on  pp.  928, 1022,  and  1171. 
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Discussion  (on  the  two  preceding  Papers). 

Prof.  Clowes  stated  that,  as  a  chemist,  he  felt  mach  interested  in 
Mr.  Teairs  paper.  He  assumed  that  the  Author  intended  it  to  be 
understood  that  a  double  decomposition  took  place  between  the 
ammonium-phosphate  solution  derived  from  the  guano  and  the 
insoluble  aluoiinium  silicate  of  the  rock  ;  in  that  case,  ammonium 
silicate  would  pass  away  in  solution,  and  no  deposition  of  silica  would 
take  place  in  the  rock.  From  a  chemical  standpoint,  the  Author 
had  fully  proved  an  extremely  interesting  case  of  chemical  meta- 
morphosis. It  reminded  the  speaker  of  a  somewhat  analogous 
instance  of  chemical  change,  which  he  discovered  in  conjunction  with 
Prof.  Blake  some  years  since  in  the  neighbourhood  of  Nottingham. 
There  a  rock  containing  barium  carbonate  had  apparently  undergone 
change  into  barium  sulphate,  by  the  action  of  water  containing 
calcium  sulphate ;  this  change  was  known  to  take  place,  but  in  the 
above  instance  the  change  lacked  the  satisfactory  proof  given  by 
the  present  Author. 

Dr.  Blanfoed  said  that  he  could  not  agree  with  Admiral  Wharton 
that  the  facts  as  stated  are  incompatible  with  subsidence.  Neither 
a  volcanic  crater  with  a  distinct  rim,  nor  a  lava-flow,  such  as  the 
phosphatized  trachyte  appeared  to  have  been  originally,  could  be  of 
submarine  origin  ;  nor  was  it  probable  that  either  originated  on  a 
level  with  the  surface  of  the  sea.  It  was  more  likely  that  both 
crater-rim  and  lava  were  formed  above  the  sea,  and  had  been 
depressed. 

Mr.  Clement  Reii)  asked  what  climatic  conditions  held  on  this 
island — was  it  a  rainless  area,  or  one  with  alternate  rainy  and  dry 
seasons  ? 

Capt.  Stifpe  observed,  with  reference  to  the  question  of  climatic 
conditions  raised  by  the  previous  speaker,  that  he  believed  deposit>s  of 
guano  could  be  accumulated  only  in  a  comparatively  rainless  district, 
as  in  rainy  localities  the  guano  would  be  washed  away  as  quickly  as 
deposited. 

Prof.  Httll  and  Mr.  Baubrman  also  spoke. 

Sir  A.  Getkie,  in  reply  to  the  remarks  made  by  previous  speakers, 
said  that  he  unfortunately  possessed  no  information  regarding  the 
meteorology  of  Clipperton  Atoll.  He  could  see  no  reason  why 
a  volcanic  crater  should  not  be  formed  below  the  surface  of  the 
sea ;  but  the  Clipperton  crater  may  have  been  of  the  same  explosive 
origin  ays  that  of  Santorin,  and  its  solitary  rocky  peak  may  be  the 
only  remaining  visible  fragment  of  its  rim.  With  regard  to  the 
supposed  impossibility  of  lavas  having  flowed  under  the  sea,  he 
could  only  observe  that  no  facts  in  the  geological  history  of  Britain 
were  more  abundantly  proved  than  that  from  the  earliest  Palaeozoic 
periods  the  vast  majority  of  the  volcanic  eruptions  in  our  region  have 
been  submarine,  and  that  they  have  included  the  outflow  of  lava,  the 
solid,  unbroken  sheets  of  which  are  now  found  intercalated  between 
strata  full  of  marine  organbms. 

Mr.  Tball  also  replied. 
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19.  The  Eocene  Deposits  of  Devon.     By  Clement  Ebid,  Esq., 
F.L.S.,  F.G.8.    (Read  March  23rd,  1898.) 

[Communicated  by  permission  of  the  Director-General  of 
H.M.  C^iogical  Survey.] 

In  a  paper  read  before  tliis  Society  in  1896  I  gave  a  short 
description  of  the  Eocene  Deposits  of  Dorset,  and  remarked  that 
'  It  is  noteworthy  that  the  new  evidence  discovered  in  the  western 
end  of  the  Hampshire  Basin  strongly  supports  the  idea  that  the 
pipeclays  of  the  Bagshot  Series  are  derived  from  the  weathering  of 
the  Dartmoor  Granite,  and  that  the  Bovey  Tracey  outlier,  so  like 
the  deposits  around  Bournemouth,  is,  as  maintained  by  Mr.  Starkie 
Gardner,  of  the  same  age  and  deposited  in  the  same  basin,  though 
in  Devon  Eocene  rest  directly  on  Palaeozoic  rocks.' ^  Since  these 
words  were  written  I  have  had  occasion  to  re-examine  the  Bovey 
basin  on  behalf  of  the  Geological  Survey,  with  the  result  that  light 
can  now  be  thrown  on  several  obscure  points  in  the  geology.  As  my 
notes  on  the  Bovey  area  will  complete  the  general  description  of  the 
western  end  of  the  Hampshire  Basin,  it  will  be  useful  to  lay  before 
the  Society  the  results,  especially  as  much  detailed  work  remains 
to  be  done  and  it  will  be  at  least  3  years  before  any  general 
memoir  can  be  published. 

In  the  year  1875,  when  Mr.  H.  B.  Woodward  was  revising  the 
geology  of  the  Bovey  basin,  and  I  was  engaged  in  mapping  the 
Greensand  and  plateau-gravel  of  Haldon,  we  were  much  exercised 
as  to  the  age  and  relationship  of  the  deposits,  but  then  had  no  clear 
evidence  to  permit  us  to  go  contrary  to  the  received  ideas,  though 
Mr.  Woodward  published  a  paper  in  which  he  gave  reasons  for 
reducing  the  low-lying  Greensand  outliers  to  two  small  and  doubtful 
patches,  at  Haccombe  and  Combe.  He  also  suggested  that  the 
plateau-gravel  of  Haldon  might  be  of  the  same  age  as  the  marginal 
gravels  of  the  Bovey  Valley,  considering  both  as  *  Drift '  and  re- 
garding the  latter — erroneously,  I  think — as  overlying  the  Tertiary 
pipeclays.*  Since  that  time  I  have  mapped  the  greater  part  of  the 
Tertiary  strata  of  the  Hampshire  Basin,  and  have  been  drawing 
nearer  and  nearer  to  the  Devon  area  which  I  examined  more  than 
20  years  ago.  Dorset  brought  out  some  quite  unexpected  resem- 
blances between  the  undoubted  Bagshot  Series  and  the  so-called 
Miocene  of  Bovey,  placing  me  in  a  position  to  read  the  new  evidence 
without  difficulty  as  soon  as  there  should  arise  an  opportunity  of 
revisiting  the  latter  area. 

In  the  summer  of  1897  I  revisited  Devon.     Commencing  at 

^  'The  Eocene  Deposits  of  Dorset/  Quart.  Joum.  G«ol.  Soo.  voL  lii  (1896) 
p.  494. 

^  'Notes  on  the  Gravels,  Sands,  and  other  Superficial  Deposits  in  the 
Neighbourhood  of  Newton  Abbot/  Quart.  Joum.  G^l.  Soo.  voL  xxxii  (1876) 
p.  230. 
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Great  Haldon,  the  plateau-gravel,  which  here  reaches  a  height  of 
over  800  feet,  was  re-examioed.  This  gravel  turned  out  to  be 
almost  identical  in  composition  with  that  of  Black  Down  in  Dorset. 
It,  also,  is  mainly  composed  of  large  boulders  of  *  annealed '  or 
toughened  Chalk-^t,  weathered  to  a  considerable  depth  and  often 
containing  Upper  Chalk  fossils.  Mixed  with  these  is  much  Green- 
sand  chert,  with  radiolarian  chert  and  veined  Palaeozoic  grits  like 
those  so  conspicuous  farther  east.  At  Haldon  Palaeozoic  rocks 
are  somewhat  more  common,  in  larger  pieces,  less  worn,  and 
Purbeck  rocks  are  naturally  absent ;  in  other  respects  the  Haldon 
and  Dorset  gravels  are  of  identical  composition  and  appearance, 
containing  similar  seams  of  white  day  and  rough  quartz-sand. 
The  alteration  of  the  large  Chalk-flints  to  the  core  is  an  important 
point,  for  in  Pleistocene  deposits  the  contemporaneous  weathering 
seldom  extends  to  a  greater  depth  than  ^  inch.  Eocene  deposits, 
on  the  other  hand,  always  show  a  curious  change  in  the  pebbles, 
which,  even  if  only  exhibiting  conspicuous  weathering  to  a  moderate 
depth,  are  annealed  and  toughened  to  the  centre.  The  compo- 
sition, general  character,  and  position  of  the  Haldon  gravels  all 
point  to  their  being  of  the  same  age  as  the  gravels  in  Dorset 
which,  for  reasons  already  given,*  I  consider  to  belong  to  the 
Bagshot  Series. 

The  reference  of  the  high-level  gravel  of  Haldon  to  the  Bagshot 
Series  naturally  raises  in  a  new  form  the  question  of  the  supposed 
Upper  Greensand  age  of  the  gravels  surrounding  the  Tertiary  basin 
of  Bovey  at  Combe,  Milber  Down,  Wolborough,  and  Staple  Hill. 
Combe  lies  about  2  miles  west  of  Little  Haldon,  and  about  the  same 
distance  north  of  Kingsteignton.  On  the  high  road  |  mile  south  of 
Combe  Hill  Cross  a  pit  has  been  opened  for  road-material  and 
sand ;  it  shows  : — 

Feet 
Coarse  grayel  of  well-rounded  large  Chalk-flints,  toughened  ^ 
and  weathered  to  the  centre ;  much  small  quartz ;  Palaeozoic  grits, 
coarse  and  fine ;  radiolarian  chert  (common),  and  red  jasper  y  12 
(one  pebble) ;  greenstone  and  aah ;  Greensand  ohert  (one  large  | 
block).  ; 

Buff-coloured  sand  with  much  schorl 3 

The  occurrence  of  rolled  Chalk-flints  and  Greensand  chert 
makes  it  impossible  that  the  gravel  can  be  of  Cretaceous  age ;  the 
sand  also  corresponds  in  character  with  that  associated  with  the 
lignite  of  Bovey,  not  with  the  Cretaceous  sand  of  Haldon.  The 
deposit  agrees  closely  with  the  gravel  capping  Haldon,  except  that, 
resting  on  Palaeozoic  strata,  and  lying  west  of  most  of  the  Cretaceous 
deposits,  the  proportion  of  old  rook  in  the  gravel  is  considerably 
greater. 

The  supposed  outlier  of  Greensand  at  Milber  Down  yields  similar 
results,  for  the  pits  all  contain  varying  quantities  of  Chalk-flint 

*  Op.jam^cit.^jp.  491, 492. 
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and  Greensand  chert.  Towards  Haocombe  nnmerouB  large  blocks 
of  Greensand  chert  are  obtained ;  but  close  examination  shows 
that  these  are  water  worn  masses,  not  blocks  weathered  oat  of  solid 
Greensand.  The  same  locality  yields  large  Chalk-flints.  Here 
again  the  supposed  Cretaceous  gravel  is  evidently  the  gravelly  base 
of  the  Tertiary  deposits. 

West  of  the  Aller  Brook  similar  gravels  are  found  close  to  the 
Waterworks  Reservoir  in  Newton  Abbot.  The  pit  exhibits  13  feet 
of  coarse  gravel  interstratified  with  whitish  sand,  the  gravel  being 
mainly  composed  of  Chalk-flints,  with  a  few  large  blocks  of  Green- 
sand chert,  some  Culm  Measure  grit,  and  many  quartz-pebbles. 
This  gravel,  and  that  seen  in  the  large  pit  close  to  Wolborous^h 
Church,  are  clearly  marginal  deposits  dipping  sharply  beneath  the 
pottery  clays  which  lie  a  short  distance  towards  the  south-east. 

About  3  miles  north-west  of  Newton  Abbot  lies  the  most 
westerly  of  these  supposed  Cretaceous  outliers.  Several  large 
sand-pita  have  been  opened  near  Lower  Staplehill,  and  one  of  these 
shows  a  clear  section  of  the  gravel  resting  at  a  high  angle  on 
Devonian  slates  and  passing  beneath  the  lower  beds  of  the  pipe- 
clay. The  gravel  at  this  point  is  largely  composed  of  quartz, 
veined  grit,  radiolarian  chert,  and  igneous  rock,  but  I  also  found 
in  it  several  masses  of  Greensand  chert,  and  two  rolled  Chalk-flints 
like  those  of  Haldon.  Thus  the  whole  of  the  supposed  low-lying 
Greensand  outliers  contain  derivative  masses  of  Chalk-flint,  and  are 
of  Tertiary  age. 

With  regard  to  the  age  of  the  pipeclay  and  lignite  of  Bovey,  it 
is  difficult  yet  to  speak  with  confidence.  Mr.  Starkie  Gardner  has 
pointed  out  that  the  flora  is  probably  of  Bagshot  age,  not  Miocene 
as  stated  by  Heer,  and  the  resemblance  of  the  deposits  and  of  their 
flora  to  the  undoubted  Bagshot  of  Dorset  is  most  striking.  Still 
one  cannot  yet  say  that  the  botanical  evidence  is  conclusive,  for  the 
species  are  few  and  greatly  need  re-examination.  Other  fossils 
are  almost  entirely  absent. 

The  general  conclusions  arrived  at  from  my  recent  work  in 
Devon  and  Dorset  are  therefore  : — Ist,  That  the  supposed  littoral 
Cretaceous  rocks  near  Dartmoor  are  Eocene,  and  that  no  trace  of 
a  Cretaceous  shore-line  is  there  visible.  2nd,  That,  as  has  been 
for  some  time  maintained,  the  Bovey  Beds  are  Eocene,  not  Miocene. 
3rd,  That  the  high-level  plateau-gravels  of  Haldon,  like  those  of 
Black  Down  in  Dorset,  and  probably  those  also  of  the  Cretaceous 
hills  between  the  two  districts,  are  of  Lower  Bagshot  date,  and 
mark  the  course  of  the  old  Eocene  river. 


DiSOTJSSION. 

Mr.  A.  E.  Saltrk  regretted  that  the  Author  had  not  illustrated 
his  paper  by  sections  and  specimens  of  the  very  interesting  and 
varied   constituents   of  the  gravel -deposits   described.      He  had 
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visited  the  deposits  at  Moreton,  Hardy's  Monument,  Great  and 
Little  Haldon,  etc.,  and  felt  bound  to  say  that  his  observations  did 
not  allow  him  to  agree  with  the  Author  as  to  their  Eocene  age.  A 
careful  study  of  the  high-level  gravels  in  the  Thames  and  Hamp- 
shire Basins,  together  with  those  of  Dorset  and  Devon,  had  led  the 
speaker  to  suggest  in  a  recent  paper  that  the  Black  Down  (near 
Weymouth)  and  Haldon  gravels,  together  with  the  Westleton  Drift 
as  seen  north  of  London,  were  due  to  Pliocene  or  older  streams 
flowing  in  various  directions  from  Dartmoor.  He  asked  the 
Author  to  cite  a  section  in  the  Bovey  district  where  these  gravels 
were  to  be  seen  underlying  the  Bovey  clays  and  not  merely 
inferred  to  do  so.  On  Little  Haldon  the  gravels  in  one  place 
rest  upon  an  uneven  surface  of  white  pipeclay. 

Mr.  Habmeb,  referring  to  the  previous  speaker's  remarks,  believed 
that  the  correlation  of  some  of  the  gravels  of  the  South  of  England 
with  those  of  Westleton,  which  are  composed  almost  entirely  of  flint, 
rested  on  a  ver}'  slender  foundation ;  but  he  felt  inclined  to  fall  back 
upon  an  opinion  once  expressed  by  a  distinguished  Fellow  of  this 
Society,  that  the  beds  at  Westleton  are  not  Westleton  Beds. 

Mr.  B.  B.  Hebries  asked  whether  the  Author  made  the  state- 
ment, that  the  gravelly  deposits  passed  under  the  Bovey  Beds,  from 
personal  observation.  He  was  glad  to  hear  that  the  Author 
confirmed  Mr.  Starkie  Gardner's  views  as  to  the  Eocene  age  of  the 
Bovey  Beds. 

Mr.  Stbahajv  said  that  the  Author's  identification  of  the  gravels  at 
Bovey  seemed  to  depend  upon  the  same  sort  of  evidence  as  that  of 
the  Dorset  outliers.  These  outliers  had  been  found  to  correspond  in 
character  to  gravels  which  could  be  actually  seen  passing  beneath 
undoubted  Eocene  strata.  That  they  could  be  of  the  same  age  as 
the  Westleton  Shingle,  as  suggested  by  a  previous  speaker,  was 
disproved  by  the  fact  that  they  shared  in  the  flexures  which  affected 
the  Chalk  and  which  were  certainly  older  than  the  Westleton 
Shingle.  He  enquired  whether  it  was  not  a  fact  that,  of  the  gravels 
attributed  to  a  Bagshot  age,  some  lay  at  Bovey  at  a  much  lower 
level  than  others  on  Haldon. 

The  Pbesident  said  that  he  had  been  asked  by  Mr.  H.  B.  Wood- 
WABD,  who  was  unable  to  be  present,  to  state  his  opinion  as 
follows : — 

He  (Mr.  H.  B.  Woodward)  was  quite  prepared  to  accept  the 
Author's  grouping  of  the  older  gravels  at  Newton  Abbot.  When 
working  in  that  neighbourhood  he  had  been  perplexed  by  these 
deposits  and  had  regarded  them  as  Drift,  partly  because  the  coarse 
boulder-gravels  which  occurred  there  looked  more  like  Drift  than 
anything  else ;  and  partly  because  these  deposits  were  met  with 
at  various  levels  in  the  Bovey  Basin,  and  appeared  to  overlie  the 
undoubted  Bovey  clays  and  lignites,  which  are  confined  to  the 
basin  as  if  deposited  in  an  old  lacustrine  area.  Moreover,  the 
coarse  flint-gravels  occurred  on  the  high  grounds  bordering  the 
basin :  so  that  (as  he  had  remarked  in  his  paper  read  before  the 
Society  in  1876)  there  seemed  to  be  some  connexicm  between  these 
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Bovey  gravels  and  the  plafcean-grayels  which  cap  the  Greensand 
heights  of  DeTon. 

Now  that  the  Author  had  identified  Bagshot  Beds  on  Haldon,  these 
anxieties  and  difficulties  were  removed ;  and  the  only  question  that 
remained  was  in  reference  to  the  likelihood  of  faulting,  to  account 
for  the  relative  positions  of  the  several  deposits. 

Prof.  JuDD  also  spoke,  and  the  Attthob  replied. 
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20.  On  an  Outlieb  of  CsiroiiAiriAN  and  Tubokiak  [equivaleni  to 
LowBB  and  Middle  Chalk]  near  Honitoit,*  with  a  Note  on 
HoLASTEB  ALTTTs,  Ag.  Bj  A.  J.  Jitkes-Bbownb,  £sq.,  B.A.y 
F.G.8.    (Read  March  23rd,  1898.) 

[Communioated  by  permiBsion  of  the  Director-General  of 
H.M.  Geological  Surrej.] 

The  existence  of  an  outlying  tract  of  Chalk  in  the  parish  of 
Widworthy,  near  Honiton,  has  been  known  for  many  years,  but  no 
description  of  it  has  ever  been  published,  although  it  is  the  most 
westerly  inland  tract  of  Chalk  in  England :  the  only  more  westerly 
patches  being  those  on  the  coast. 

It  was  known  to  Dr.  Eitton,'  who  mentions  the  occurrence  of  a 
particular  stone  called  grizzle  by  the  quarrymen  '  in  a  large  pit  or 
quarry  at  the  bottom  of  the  Chalk,  near  Sutton  and  Widworthy,' 
remarking  also  that  *it  contains  green  particles,  and  does  not 
bum  to  lime.' 

The  outlier  of  Chalk  is  marked  on  De  la  Beche's  geological  map 
published  by  the  Geological  Survey  in  1845.  In  1874  the  district 
was  re-surveyed  by  Mr.  Ussher  for  a  new  edition  of  the  Survey 
map,'  but  he  found  that  the  quarry  referred  to  was  disused  and 
overgrown. 

My  object  in  visiting  the  locality  last  year  was  to  ascertain 
whether  the  succession  of  beds  was  similar  to  that  on  the  coast, 
in  which  case  the  Chalk  would  be  Middle  Chalk  (Turonian),  and 
the  Lower  Chalk  would  be  represented  by  quartziferous  limestone 
and  calcareous  sandstone ;  or  whether  it  included  anything  like  the 
more  ordinary  kind  of  Lower  Chalk,  such  as  occurs  at  Membury  and 
Chard. 

The  geographical  position  of  this  tract  is  about  4|  miles  south- 
west of  Membury,  3  miles  east  of  Honiton,  and  about  7  miles  from 
the  coast  near  Beer  Head.  It  occupies  high  ground,  from  400  to 
500  feet  above  the  sea. 

The  Sutton  quarries  are  j  mile  south-west  of  Widworthy  Church, 
and  are  very  large  excavations,  one  pit  being  50  or  60  feet  deep, 
but  entirely  overgrown  by  grass  and  copse  wood,  so  that  hardly  any 
chalk  was  visible  at  the  time  of  my  visit.  In  the  most  northerly 
pit,  however,  was  a  small  exposure  of  hard  calcareous  sandstone ; 
and,  on  making  enquiries,  I  learned  that  this  calcareous  sandstone 
was  the  grizzle,  but  that  the  best  stone,  and  that  for  which  the 
quarries  were  formerly  worked,  was  a  freestone  in  the  Chalk. 

^  [There  is  no  Lower  Chalk  as  ch  alk  near  Honiton,  and  the  present  writer 
Qses  the  term  Cenomanian  for  the  arenaceous  beds  which  appear  to  be  the 
equiTalents  of  the  Chalk  Marl  in  this  part  of  Devon,  and  to  corretipond  with 
the  zone  of  Ammonites  Mantdli  in  the  West  of  France;  see  Quarc  Jouni. 
Geol.  80c.  Tol.  lii  (1896)  p.  171.~April  22nd,  1898.1 

»  Trans.  Geol.  Soc.  ser.  2,  toI.  iv,  pt.  ii  (1836)  p.  234, 

*  This  re-survey  has  not  yet  been  puhlished. 

Q.  J.  G.  8.  No.  215.  T 
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This  freestone  has  been  used  in  the  construction  of  Wid worthy 
Court,  Widworthy  Barton,  Sutton  Barton,  and  other  houses  in  the 
neighbourhood,  so  that  specimens  of  it  were  easily  obtainable.  An 
inspection  of  them  showed  that  the  stone  resembled  Beer  Stone  so 
closely  that  I  felt  snre  that  the  bed  was  a  continuation  of  the  stratum 
exposed  at  Beer.  As  a  building-stone  it  is  evidently  quite  as  good 
as  Beer  Stone,  the  external  angles  of  the  stones  in  iAie  buildings 
above  mentioned  being  as  sharp  as  when  dressed  by  the  mason. 

Wishing  to  see  the  stone  in  place,  I  had  part  of  the  lower  face  of 
the  quarry  near  the  old  lime-kiln  cleared.  This  disclosed  about 
18  feet  of  hard  chalk  containing  Inoceramus  mi/tiloides  and  many 
pieces  of  Inoceramus^heH;  at  the  bottom  was  a  mass  of  hard 
shelly  stone ;  but  this  was  not  in  place,  and  appeared  to  be  a  block 
of  inferior  freestone  left  on  the  floor  of  the  quarry.  It  was  evident 
that  much  labour  would  be  required  to  lay  bare  a  face  that  would 
show  the  full  thickness  of  the  stone.^ 

The  following  information  respecting  the  quarry  was  obtained 
from  Mr.  Daniel  Hooper,  a  mason  living  at  Offwell,  who  had  been 
employed  at  the  quarries  when  they  were  last  worked,  between 
40  and  50  years  ago.  He  said  that  the  succession  of  beds  was  as 
follows,  but  the  thicknesses  are  only  approximate: — 

Feet 

7.  Flint-rubble  at  the  top    4  to   6 

6.  Soft  white  cbalk   10  to  80 

5.  Hard  chalk   about  20 

4.  Freestone  „       5 

3.  Soft  chalk  with  fl;reeu  grains  „      5 

2.  Hard  cockly  ohaD[    ,       2 

1.  Grizzle  at  the  bottom. 

The  grizzle  was  not  worked  in  his  time.  The  freestone,  or  at 
any  rate  the  best  part  of  it,  was  about  5  feet  in  thickness ;  and  the 
chalk  above,  both  the  hard  and  the  soft,  was  burnt  for  lime. 

The  soft  white  chalk,  of  which  a  foot  or  two  can  be  seen  at  the 
top  of  the  quarry,  most  probably  belongs  to  the  zone  of  TerebratuUna 
gracilii.  No.  5  is  evidently  the  chalk  which  was  exposed  by  my 
excavation,  and  which,  with  the  freestone,  clearly  belongs  to  the 
zone  of  EhynehoneUa  Cuvieri,^  From  the  evidence  of  the  section 
described  hereafter  near  Wilmington  it  is  probable  that  No.  2  is 
the  base  of  this  Middle  Chalk  or  Turonian,  and  that  the  grizzle 
is  the  rock  also  exposed  at  Wilmington. 

In  order  to  show  that  the  freestone  occupies  exactly  the  same 

1  The  aoarries  were  risited  in  1894  by  Bir.  Bhodee,  the  fossil-ooUeotor  of  the 
Geological  Surrey,  who  found  a  small  exposure  low  down  in  the  quarry,  from 
which  he  obtained  several  specimens  of  ShynchoneUa  Ouvieri  and  Inoeeramus 
mj/tiloidu, 

>  This  year  (1898)  the  quarries  have  been  opened  again  for  the  purpose  of 
burning  the  chalk  to  lime,  so  that  there  is  now  an  opportunity  of  checking 
the  accuracy  of  the  above  account  or  at  least  of  part  of  it,  for  I  understand 
that  only  the  upper  portion  is  as  yet  exposed. 

t2 
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Btraiigraphical  position  as  the  Beer  Stone,  the  section  in  the  large 
quarry  at  Beer  may  be  given  for  comparison  with  the  above : — 

Feet. 

/Soil  and  broken  chalk 9 

ZoraoF  White  chalk  with  many  Ujen  of  flints     24 

Tbrbbsatvla    •{  White  chalk  with  few  flints ;  Terebratuia  gracilis  17 

0BACILI8.  Soft^  white  chalk,  passing  down  into  roug^  nodular 

.     chalk;  Eckinoconus mSviunduM    2( 

f  Hard  compact  yellowish  limestone,  passing  down  into 

Zoiisop  hard  shelly  chalk 2 

Bhtnchonslla  i  Boo^  yellowish  nodular  chalk,  with  Inoceramut  mffti- 

OuTiXRi.         I      lotdes,  Bhvnohcnella  Cutfieri,  etc 14^ 

VGk>od  crystalline  freestone  in  several  beds 13 

"^ 

The  beds  below  are  not  now  exposed,  but  it  b  known  that 
5  or  6  feet  of  rough  splintery  chalk  occurs  beneath  the  above,  resting 
on  hard  chalk  with  grains  of  quartz  and  glauoonite. 

B«turning  to  Widworthy,  the  freestone  has  also  been  quarried 
in  the  Park  east  of  Widworthy  Court,  but  no  exposure  is  now  opeo^ 
A  sand-pit,  north  of  Wilmington  and  §  mile  north  of  Widworthy 
Church,  discloses  the  existence  of  another  small  outlier  of  tho 
Turonian  Chalk,  and  is  interesting  as  showing  its  junction  with 
the  beds  below.    The  section  here  is  as  follows : — 

PL  In. 

Soft  white  chalk     2    6 

TuHORiAN  I  4.  Hard  ruhbly  chalk,  Tery  hard  at  the  top  and 

i         containing   green -coated    nodules,    more 

[=l£ii>DLi  Ohalk.]  j  massive  below,  with  grains  of  quartz  and 

glauoonite    2    6> 

Soft  marly  glauconitio  dialk    0    9 

Hard  quartziferous  limestone  with  glauoonite- 

%/xiv«u^  encrusted  with  hrown  phosphate ;  base  not 

well  marked 2    0 

1.  Bough  calcareous  sandstone  full  of  fossils, 

weathering  into  sand  with  hard  lumps :  about  6    0 


[=Ijowbr  Ohalk.] 


These  beds  are  cut  off  by  a  fault  at  the  northern  end  of  the  pit, 
but  the  throw  is  not  more  than  8  feet,  and  on  the  north  side  the 
rough  fossiliferous  sandntone  passes  down  into  coarse  calcareous 
sand  with  few  fossils,  of  which  about  18  feet  is  seen. 

No.  4  of  the  above  section  contains  Inoceramus  mytihides,  but  no 
other  fossil  was  seen  in  it  nor  in  No.  3.  I  regard  these  as  the 
basement-beds  of  the  Turonian  or  Middle  Chalk. 

In  No.  2  I  found  Scaphites  cequalis^  Turrilites  costatus,  HolasUr 
suhglohosus,  Ostrta  vemcularU^  and  Discoidea  subuculus.  This  bed 
is  dearly  the  equivalent  of  the  uppermost  Cenomanian  bed  on  the 
coast,  that  which  is  numbered  12  in  Mr.  Meyer's  Beer  Head  section. 

The  fossils  of  No.  1  include  Ammonites  AfanUUij  A.  navicularis^ 
Pecten  asjper^  Lima  semioTrnata,  Eolaster  subglobosus,  U,  aliwf, 
H.  earinatusy  Pseudodiadema  variolare,  and  BhynchoneUa  dimidiata. 
This  bed  and  the  underlying  sand  correspond  with  the  similar 
calcareous  sandstone  at  Beer  Head  (^o,  10  of  Mr.  Meyer). 
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Another  quarry  at  the  western  end  of  WUmington  continues  the 
section  a  little  lower,  and  of  this  I  took  the  following  notes : — In 
the  soil  at  the  top  of  the  pit  are  loose  lumps  and  blocks  of  the 
quartziferous  limestone  (No.  2  of  the  last  section)  and  larger  masses 
of  hard  calcareous  sandstone,  which  is  known  as  grizzle  by  the 
workmen.  These  blocks  seem  to  be  such  portions  of  the  sandstone 
as  have  resisted  the  action  of  acidulated  water  better  than 
the  rest  of  the  rock,  which  has  been  largely  decalcified  and  dis- 
integrated. Measured  from  a  cleared  space  at  the  bottom  of  one 
of  these  blocks,  the  depth  of  the  quarry  is  31  feet,  and  the  face 
is  vertical,  for  the  sandstone  is  soft  enough  to  be  chopped  out 
with  the  broad  end  of  a  pick.  The  whole  of  this  is  dug  for  sand, 
And  used  for  making  concrete,  for  rough-casting  walls,  and  for  other 
purposes. 

This  calcareous  sand  or  soft  sandstone  is  equally  coarse  from  top 
to  bottom ;  the  highest  3  or  4  feet  includes  lumps  of  less  disintegrated 
rock,  and  these  are  picked  out  and  thrown  aside.  They  contain 
many  fossils,  which  are  mostly  in  a  good  state  of  preservation  and 
Are  easUy  detached  from  the  weathered  lumps. 

The  rest  of  the  sand  cuts  with  an  even  face,  but  is  traversed  by 
three  layers  of  siliceous  concretions ;  the  highest  of  these  layers 
Consists  of  large  flattish  and  lenticular  concretions,  white  or  pink 
outside,  brown  within,  and  contidning  nuclei  of  chalcedonic  chert ; 
the  lower  layers  are  smaller  irreguliur  concretions  with  projecting 
knobs,  and  some  are  cylindrical  like  siliceous  sponges.  They 
eontain  sponge-spicules,  and  seem  to  be  sponges  more  or  less  filled 
with  sand  and  cemented  by  chalcedonic  silica. 

In  this  mass  of  sand  fossils  are  rare,  with  the  exception  of 
Exoayra  caniea  and  Janira  quinqueeostata,^  but  the  fossiliferous 
Bandstone  passes  down  into  it  without  the  slightest  sign  of  a  break. 

Wbhing  to  ascertain  how  much  deeper  the  sand  extended,  I 
instructed  a  workman  to  dig  a  hole  in  the  fioor  of  the  quarry,  but 
at  about  12  inches  below  the  floor  he  came  upon  a  hard  rocky 
flandstone,  difiering  from  the  rest  in  being  somewhat  ferruginous 
and  compacted  by  a  hard  tufaceous  kind  of  calcium  carbonate, 
probably  redeposited  carbonate.  The  sand-grains  were  large,  and 
some  small  pebbles  occurred ;  the  only  fossils  seen  were  Holaster 
tarinatut^  Exogyra  conica,  and  a  saurian  tooth. 

I  was  informed  that  a  hole  had  been  dug  in  the  orchard,  just 
outside  the  pit  and  about  on  a  level  with  its  floor,  through  6  or  7  feet 
of  similar  rooky  material,  without  reaching  the  bottom  of  it.  Nor 
did  I  find  any  section  which  exposed  the  base,  though  it  is  probably 
sometimes  to  be  seen  in  the  sand-pit  by  the  side  of  the  railway  a 
little  more  than  |  mile  north  of  Wilmington.  Here  the  beds  are 
dipping  to  the  east  at  about  3^;  at  the  western  end  green  and 
bit>wn  sand  with  cherts  are  seen,  and  farther  east  more  than 
20  feet  of  coarse  yellowish-white  sand  like  that  at  Wilmington, 
passing  beneath  grizzle  and  quartziferous  limestone  at  the  eastern 
«nd.  The  junction  was  not  visible  at  the  time  of  my  visit,  but  the 
workman  said  that  at  the  base  of  the  sand  there  was  a  hard  whitish 
•andstone-rock. 
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It  would  appear,  therefore,  that  the  full  thickness  of  the  caloareons 
sandstone  is  from  38  to  40  feet,  which,  with  2  feet  of  oyerlying 
qoartziforoos  limestone,  gives  a  total  of  40  to  42  feet  for  the  Ceno- 
manian  near  Wilmington.  This  is  a  much  greater  thickness  than 
it  attains  anywhere  along  the  coast,  the  greatest  development  there 
being  in  Hooken  Cliff,  where  it  is  24  feet  thick. 

The  following  is  a  list  of  the  fossils  which  I  was  able  to  obtain, 
and  it  will  be  seen  that  the  fauna  is  similar  to  that  of  the  beds  on 
the  coast,  as  recorded  in  the  paper  by  Mr.  W.  Hill  and  myself 
(Quart.  Joum.  Geol.  Soo.  vol.  lii,  1896,  pp.  169-164)  :— 

List  of  Eossilb  fbom  tkb  Cehovaioak  of  WmmroTOK. 


Ammoniiea  ManteUi,  Sow 

navicularis,  liant 

variant,  Sow 

Soaphiiet  aqualii.  Bow 

TurrilUes  costatua  (f),  iMm , 

Sckendizerianus  (f),  Bote  

Pleurotomaria  MaiUeana,  d'Orb , 

•? 

AtfelUma  eassis,  d^Orh 

Cyprina  ap 

Kcogyra  conicat  Sow, 

haliotoidea^  Sow 

Inoceramnu  striatua^  Bow 

ip.  (flatter)    

Janira  quinquecogUUa,  Sow.    

Limagtobo9a(T)t  Sow 

aemiomata,  d'Orb 

Reichmbachi  (J),  Owa. 

Ostrea  vesicularis,  Lam 

Normaniana,  d'Orb 

veaicuioaa,  Bow 

/rwM,  Park.  (=carin(Ua,  Sow.) 

Pecten  (uper.  Ism 

kiapidus,  Qoldf.  

Pmosianus,  d'Orb 

PUcatula  wfiaia^  Sow.    

Sponduhu  atriatus,  Bow 

hhynchoneUa  dimidiata.  Sow.    

,  var.  oonvexa.  Sow. 

Graaiarta,  d'Orb 

Mantelliana^  Sow 

Wieatii,  Day 

TerebraUtla  biplicaia  (f ),  Sow 

aquamoaOj  Mant,     

CcUopyqua  columbariua.  Lam , 

Cottiaaia  BenettuB^  Eoenig , 

Diaooidea  aubuculuaf  Klein 

Echinoconua  cciatanea,  Brongn 

Hemiaater  bi{fo?  

Morrini  (t),  ¥orhea    


Oalcareoui 
Sandstone. 


- 


* 
* 
« 
* 
* 
* 
« 

* 
* 

* 


Quartsiferout 
Limestone. 
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HoUuter  carifuUus,  Ag 

suhglobosus,  LoBko  

— ,  var.  alius,  Ag , 

Pmutodiadsma  Benettia,  Forbes 

Michelini,  As 

omaium^  Goldf. 

variolare,  Brongn 

sp.  (noT.?)  

Ploffiophthalmus  omfornUa,  Bell 

J>iirupa  diformis,  Lavbl  

Porosphmraap 

Eachara  sp.?    

Hexactin^lid  sponge  


Calcareous 
Saudstone. 


Quartziferotis 
LimestoDe. 


* 

•(?) 

» 

» 

» 

* 

All  the  above— except  Plagiophthalmus  oviformis,  the  H&miaster 
identiaed  as  bufo,  and  the  Cyprina— occur  ia  the  corresponding 
beds  on  the  coast.  The  HoUuter  altus,  Ag.,  is  described  in  a 
separate  note  (see  p.  246). 

Some  lumps  containing  remains  of  silicified  sponges  were  sent  to 
Dr.  G.  J.  Hinde,  bat  they  were  not  in  such  a  state  as  to  allow 
even  of  generic  identification. 

Fig.  2.'~Secti(m  across  the  Widworthy  auUier. 
^-  n 

Wldworthy  C!ourt  "" 


Umbome  Broo^ 


<?=  Chalk  (Tiironian). 
caCtfDomanian  Sands. 


6= Upper  Greensand. 
a=Triassic  BiarL 


[Scales:  Horizontal,  3  inches =1  mile;  Tertical,  lOUO  feet=l  inch.] 

The  geotectonic  position  of  the  outlier  has  also  somo  points  of 
interest.  From  the  high  ground  near  Honiton  (Honiton  Hill,  etc.) 
the  general  dip  of  the  beds  is  easterly,  till  they  are  out  off  by 
a  long  and  powerful  fault  which,  near  Hayne  Farm,  brings  the  red 
Triassio  marl  up  against  the  Cenomanian  sand,  and  has  here  a  throw 
of  at  least  300  feet.  Near  Wilmington  this  fault  branches  into 
two,  and  a  long  narrow  strip  of  Greensand  is  wedged  between  the 
Chalk  on  the  west  and  the  Red  Marl  on  the  east;  this  strip, 
however,  seems  to  thin  out  near  Sutton  Barton,  for  the  well  at  that 
place  is  108  feet  deep,  and  is  said  to  have  traversed  some  thickness 
of  chalk  before  reaching  sand. 

The  surface  of  the  ground  is  very  irregular,  and  the  valley- 
system  has  not  been  influenced  in  any  way  by  the  lines  of  faulting ; 
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but  on  the  watenhed  between  the  TaDeys  of  the  Umbome  and 
Offwell  brooks,  where  Uie  snrfaoe  has  been  modelled  diiefly  by  the 
action  of  rain,  the  Greensand  has  resisted  detrition  better  than 
either  the  Chalk  or  the  Bed  Marl,  so  that  the  groond  falls  away  on 
each  side  of  the  faulted  strip,  except  where  the  Bed  Marl  is  ca|^Md 
by  Greensand,  as  on  Widworthy  Hill.  This  relation  is  shown  in 
the  accompanying  section  (p.  245),  which  is  drawn  nearly  east  and 
west  through  Widworthy  Park. 

fit  has  been  explained  in  the  paper  already  referred  to,  *  On  the 
Delimitation  of  Uie  Genomanian,'  Hill  &  Jokes-Browne,  Qoart. 
Joom.  Geol.  8oc.  yoL  lii  (1896),  and  also  in  the  note  on  p.  239, 
that  the  calcareous  sandstones  of  Wilmington  and  the  Devon  coast 
are  the  local  equivalents  of  the  Chalk  Marl,  and  that  they  form  a 
zone  of  Ammonites  ManleUi.  Between  this  zone  and  the  suo- 
ceeding  one  of  BhynehaneOa  Cuvieri  there  is  a  break,  with  an 
absence  of  anything  to  represent  the  upper  part  of  the  Lower 
Chalk. 

Hence  the  succession  of  zones  seen  at  Wilmington  above  the 
Upper  Greensand  may  be  expressed  as  follows : — 

Feet. 

rr,»  ^..      ( Zone  of  TerebnUuUna graeiUs ?40 

TuaowAH.    i        ^      Rkynchonella  Cuvien 30 

o^ou^^.l^^,'::^      40 

—A.  J.  J.-B.,  April  22nd,  1898.] 


NOTB  on  HOLXSTEB  ALTUS,  Ag. 

[Plats  XXIV.] 

Among  the  commonest  and  most  conspicuous  fossils  in  the 
Wilmington  Sands  are  certain  species  of  the  genus  HolaMer.  One 
of  them  is  Holaster  IcevU^  var.  carinaiuty  Lam. ;  but  as  the  examples 
of  this  form  do  not  differ  materially  from  those  found  elsewhere, 
they  need  not  detain  us. 

In  respect  of  those  which  are  entered  in  the  list  on  p.  245 
as  HolasUr  svhghhoius^  Leske,  and  Holaster  altus,  Ag.,  the  case 
is  different ;  for  the  species  or  variety  altus  has  not  previously  been 
discussed  by  any  English  ecbinologist,  nor  recorded  from  any  English 
locality,  though  it  is  well  known  in  France. 

Holaster  altus  was  first  described  and  figured  from  a  Swiss 
specimen  by  Agassiz  in  1839.'  He  distinguished  it  from  others 
(1)  by  the  great  height  of  the  test,  (2)  by  the  great  width  of  the 
ambulacral  plates;  and  he  adds,  ^ There  exist  two  well-marked 
sulci  (si lions) — one  on  the  anterior  face  in  which  lies  the  odd 
ambulacral  area,  the  other  on  the  posterior  face.'  Further,  he 
remarks : — ^  I  do  not  hesitate  to  identify  with  this  species  several 

^  'Desor.  £ohin.  fosB.  de  la  Suisse/  p.  20  Jb  pL  iii,  figs.  9  &  10. 
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Bpecimens  which  from  their  aspect  come  &om  the  or  aie  marnea  se 
of  France/ 

The  %are  given  by  Agassiz  shows  some  other  characters  which 
.are  qoite  as  important  as  those  he  mentions : — 

(1)  It  b  of  small  size,  its  dimensions  being :  Length  1^  inch 

(30*8  mm.),  breadth  1-j^  inch  (28  mm.),  height  1  inch 
(25  mm.).  It  is  therefore  of  great  proportional  height, 
but  it  is  stated  that  other  examples  are  not  so  high  as  that 
figured. 

(2)  The  posterior  border,  as  yiewed  from  the  side,  is  truncated 

vertically. 

(3)  The  apex  is  exoentric  anteriorly,  the  distance  from  it  to  the 

posterior  border  being  about  two-thirds  of  the  length  of 
the  test. 

It  will  be  seen  that  the  English  specimen  delineated  in  PL  XXIV, 
fig.  4,  agrees  very  closely  with  Agassiz's  specimen  in  its  dimensions 
and  general  characters. 

But  a  closely-allied  form  was  described  by  Eenevier  in  1867  under 
the  name  of  Holasier  Bischqffi,^  and  it  was  afterwards  figured  by 
P.  de  Loriol-Lefort/  The  descriptions  of  this  species  given  by  both 
these  writers  will  apply  equally  well  to  Agassiz's  If,  dUuSf  except 
in  three  respects:  it  is  still  smaller  than  cUtia;  it  is  described 
as  subcylindrical,  and  *  rather  flattened '  or  '  not  very  convex '  on 
the  upper  surface.  From  the  figure  this  seems  to  mean  that  the 
posterior  ridge  is  nearly  parallel  with  the  median  line  of  the  under 
surface,  the  height  of  the  test  being  nearly  the  same  above  the  vent 
as  at  the  apex. 

Specimens  which  agree  closely  with  P.  de  Loriol-Lefort's  figure 
and  description  of  H,  BUehoffi  are  not  uncommon  in  the  Genomanian 
of  Beer  Head,  and  were  mentioned  in  a  former  paper '  as  either 
a  well-marked  and  unusual  variety  of  Holaster  subglohotus  or  a 
distinct  species.     A  brief  description  of  the  form  was  there  given. 

Being  in  some  doubt  whether  to  identify  the  Wilmington  examples 
.as  H.  altm  or  ff.  Bischoffif  and  in  more  doubt  as  to  whether  these 
forms  were  really  distinct  species,  I  sent  ^ve  specimens  to  M.  P.  de 
Loriol-Lefort,  and  asked  him  to  pronounce  an  opinion.  His  reply, 
which  he  kindly  allows  me  to  publish,  is  as  follows : — 

*  Je  lee  ai  compares  avec  des  exemplaires  de  VHolaHer  aUus^  Ag., 
du  C^nomanien  de  Eouen,  et  avec  des  individus  de  VHol.  BUehoffi 
4e  Cheville.  Je  crois  que  vos  exemplaires  de  Wilmington  doivent 
plutot  etre  rattaches  k  VHol.  altus,  VJIolaster  Bisi^ffi  est  une 
petite  esp^,  un  pen  cylindrique,  etroite,  moius  large  que  I'autre  ; 
^e  est  rare  dans  nos  gisements. . .  .Ceux  que  je  viens  d'examiner  k 
nouveau  ressemblent  absolument  aox  deux  plus  petits  exemplaires 
^ue  vous  m*avez  envoyes  (ceux  de  la  roche  dure) ;  mais  ces  derniers 


1&2. 

Soa  ToL  lii 
(1896)  p.  144. 
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passent  anx  autres.  Je  commence  k  oroire  que,  lorsqu'cn  oonnattra 
bien  VHol.  Bikhoffi,  par  UDe  aerie  on  pen  nombreoae  d'ezemplaires, 
efc  qn'on  aura  pu  etudier  le  teat  qui  manque  toojours,  on  arrivera 
probablement  k  reonir  VHol,  Bischoffi  k  VHol.  aUu$.  Dans  T^tat 
actuel  des  choses,  je  croia  qu'il  sera  preferable  de  nommer  Totre 
ecnp^  Hohuter  cdtta.  Ces  Holatter  sent  difficiles  k  bien  demdler, 
of&ant  certains  passages  ;  ainsi  tos  trois  premiers  [de  Wilmington] 
ressemblent  k  une  Tari^te  de  VHol.  suhglobosui  que  j'ai  fait  figvurer.' 

Two  specimens  ft'om  Beer  Head  had  previously  been  sent  to 
M.  Gauthier,  of  Sens,  who  considered  them  to  be  Holaster  dliuSf 
and  wrote  that  most  authors  regarded  this  form  as  only  a  variety  of 
H.  subgloboius,  but  that  M.  Bucaille,  after  having  changed  his  mind 
several  times,  had  ended  by  re-establishing  H.  altut  as  a  distinct 
species  in  his  *  £tudes  sur  des  £chin.  foes,  du  D^partement  de  la 
Seine  Inf^rieure,'  p.  6,  pi.  v. 

Having  had  the  opportunity  of  examining  upwards  of  sixty 
specimens  from  Wilmington,  and  about  twenty  from  the  coast- 
sections,  I  am  not  surprised  at  the  doubts  of  M.  Bucaille,  and  am 
convinced  that  the  anticipation  of  M.  de  Loriol-Lefort  as  to  the 
union  of  H.  Bischoffi  with  H.  altm  will  prove  correct  So  £&r 
as  I  am  able  to  judge,  there  is  among  the  Devon  specimens  every 
gradation  from  a  form  which  cannot  be  distinguished  fron:^  H. 
Buchoffi,^  through  forms  which  are  undoubtedly  identical  with 
French  specimens  of  H.  alius,  to  one  which,  if  found  alone,  would 
be  regarded  as  a  rather  small  and  well-marked  variety  of  H.  9ul>' 
glohosus. 

It  is  a  curious  fact,  however,  that  I  have  not  seen  a  typical 
H.  9ubglobo8U8  among  all  those  from  the  calcareous  sand  of 
Wilmington  which  have  passed  through  my  hands,  although  I  have 
two  from  the  overlying  bed  which,  though  small,  certainly  belong 
to  that  species. 

The  impression  that  one  receives  from  an  examination  of  a  large 
number  of  these  Holasters  is  that  one  is  looking  on  at  the  actual 
process  of  the  evolution  of  a  new  species ;  for,  in  this  area  at  any 
rate,  the  Bischoffi-ty^  seems  to  be  the  oldest ;  on  the  coast  it  is 
most  abundant  in  the  bed  numbered  10  by  Mr.  Meyer  and  in  the 
lower  part  of  his  No.  11,  where  it  is  accompanied  by  the  aZ<u«-type 
and  its  varieties,  while  in  the  upper  part  of  11  true  subglobosus 
occurs  occasionally ;  lastly,  in  No.  12  typical  subglobosus  occurs 
without  the  others.  At  Wilmington  the  altus-tj]^e  prevails,  and 
seems  to  be  throwing  out  varieties  which  are  broader,  lower, 
and  larger,  and  which  are  gradually  developing  into  the  form  which 
we  know  as  H.  subglobosus. 

If  this  view  be  correct,  it  is  unfortunate  that  the  form  last 
evolved  should  have  been  the  first  described,  and  that  our  laws  of 
nomenclature  require  that  the  earlier  form  should  be  placed  as 
a  variety  of  the  later  one.  Perhaps,  in  spite  of  the  preservation  of 
the  intermediate  forms,  it  will  be  more  convenient  to  regard  the  one 
extreme  (whether  it  be  called  aUus  or  Bischoffi)  as  having  an  equal 
right  to  be  called  a  species  as  the  other  extreme  (subglobosus) ;  for 
if  these  intermediate  forms  had  been  all  destroyed,  I  think  that 
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most  echinologists  would  not  hare  hesitated  to  regard  the  two 
extremes  as  distinct  species. 

The  following  are  the  dimensions,  in  millimetres,  of  a  series 
of  seven  specimens  from  Wilmington,  the  last  being  exceptionally 
large:— 


TiAngtb. 

Breadth. 

Height. 

No.  1 

22 
26 
27 
30 
30 
35 
38 

20 
24 
25 
25 
28 
31 
36 

18 
19 
19 
23 
24 
23 
27 

No.  2 

No.  3 

No.  4 

No.  6 

No.  6 

No.  7 

Dr.  Wright,  in  his  *  British  Gretaceons  Echinodermata '  (Pal.  Soc. 
Monogr.  p.  319),  entered  the  name  of  Holaster  cdtus,  Ag.,  as  a 
synonym  of  H.  tvibglobosus^  but  he  does  not  mention  it  in  his 
description  of  that  species,  nor  elsewhere  in  his  monograph,  so 
that  one  can  only  conclude  that  he  had  no  knowledge  of  its  occur- 
rence in  England.  Prof.  E.  Forbes  ^  drew  up  a  table  of  comparative 
dimensions  of  Holasier  tiLhglobosits,  and  this  is  reproduced  by 
Wright;  the  smallest  specimen  recorded  therein  has  nearly  the 
same  proportions  as  the  largest  of  the  series  given  above. 

Dr.  Wright '  describes  a  species  under  the  name  of  HolasUr  suh- 
orbicularisj  which,  however,  is  certainly  not  the  suhorhicularis  of 
Defirance,  Brongniart,  or  Goldfuss.  He  says  that  it  is  plentiful  in 
the  Chalk  Marl  and  Chloritic  Marl ;  but  there  must  be  some  mistake 
about  this,  as  I  have  only  seen  one  or  two  specimens  that  might 
bebng  to  it.  It  differs  from  all  varieties  of  H.  alius  in  the  flatness 
of  both  the  upper  and  lower  surfaces,  in  its  lesser  height,  and  in 
having  a  much  larger  vent. 

I  will  therefore  conclude  by  pointing  out  the  principal  points  in 
which  HolatUr  alius  differs  f^om  H,  subglobosus : — 

(1)  In   its  outline,  which  is  oval,  while  suhglohosus  is  often 

as  broad  as  it  is  long. 

(2)  In  the  posterior  truncation  of  the  test,  while  suhglohosus 

tends  to  become  cordiform  and  bluntly  pointed  posteriorly. 

(3)  In  the  marked  posterior  sulcus,  which  is  slight  or  absent  in 

the  other. 

(4)  By  its  excentric  apex,  that  of  a  typical  suhghhosuA  being  sub- 

central.     The  position  of  the  apex,  however,  varies  much. 

(5)  By  the  horizontsdity  of  the  apical  and  posterior  ridge. 

(6)  By  the  deeper  anterior  sulcus,  which  is  bounded  on  each  side 

by  a  slight  carina,  more  marked  in  some  than  in  others. 

1  Mem.  GeoL  Surv.  dec.  vr,  text  to  pi.  vii. 

*  *  Brit  Cret.  Echinodermnto/  Pal.  Soo.  Monogr.  p.  314. 
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BXPLANATION  OP  PLATE  XXIV. 

(All  the  figures  are  of  the  natural  aiie.) 

Pig.  1.  A  form  comparable  with  Holaster  Biachojft,  Bener.    Side  Tiew  of  a 
large  spedmen. 

2.  The  same  viewed  from  abore. 

3.  The  same  riewed  from  behind. 

4.  Holaster  altus^  Ag.,  the  largest  specimen  found. 

5.  The  same  viewed  from  above,  but  the  original  is  not  quite  so  wide. . 

6.  Thesame,  posterior  view. 

7.  Hokuter  altua,  a  specimen  of  medium  sise. 

D1SCU88IOK. 

llr.  SraAHAir  regretted  that  the  useful  work  in  this  paper  had  been 
obscured  by  an  unnecessary  introduction  of  the  Continental  nomen- 
clature of  the  strata.  Not  only  was  such  a  nomenclature  out  of 
place  in  dealing  with  so  strictly  local  a  subject,  but  the  names  them- 
selves had  no  definite  meaning  in  this  country,  for  the  Author's  recent 
delimitation  of  the  Cenomanian  was  not  accepted  by  Continental 
geologists.  The  introduction  of  such  names  had  neyer  failed  to 
CBXise  confusion  in  British  local  stratigraphy,  and  should  be  reserved 
for  papers  dealing  with  international  questions. 

Mr.  £.  T.  Nbwtok  and  the  Pbbsidbnt  also  spoke. 
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21.  On  someSxnnaRQVD  Kock-yallstb  in  Sovtb  Wales,  Deyok,  anc2 
CoBHWALL.  By  T.  CoDBiNGTOir,  Esq.,  lUnstCE.,  F.G.8- 
(Bead  February  23rd,  1898.) 

[Abridged.] 

The  following  particnlars  of  some  rock-Yalleys  below  the  sea-loYel 
were  for  the  most  part  gathered  by  me  in  former  years,  during  the 
execution  or  the  projection  of  engineering  works  with  which  I  waa 
more  or  less  connected,  or  well  acquainted.  Information  has  also 
been  afforded  me  from  time  to  time  by  the  courtesy  of  the  engineers 
of  other  works  in  which  similar  sections  haYe  been  exposed.  The 
main  object  in  the  present  paper  is  to  put  the  facts  obserYod  on 
record  in  a  connected  form. 

The  details  of  the  sections  now  giYon  are,  from  a  geological  point 
of  Yiew,  more  incomplete  than  could  be  wished,  as  must  almost 
always  be  the  case  when  obsenrations  are  made  during  the  progress 
of  engineering  works  by  those  to  whom  they  are  not  matters  of 
primary  importance.  Things  obserYed  are  not  always  recorded,  or 
perhaps  their  significance  is  not  understood  until  they  are  lost  to 
Yiew.  Notes  and  sections,  when  made,  are  lost  sight  of,  or  are  laid 
aside  for  further  information  or  a  more  couYonient  season,  which, 
as  in  the  case  of  some  of  these  sections,  may  be  a  long  time  in 
coming. 

The  localities  naturally  fall  into  two  groups : — (1)  on  the  southern 
coast  of  Wales,  from  Milford  HaYen  to  the  Severn ;  and  (2)  on 
the  southern  coast  of  Devon  and  Cornwall,  from  Dartmouth  to 
Falmouth. 

I.  South  Wales. 
Milford  Haven. 

This  estuary  extends  20  miles  inland,  with  two  main  branches, 
which  are  fed  by  streams  rising  on  the  Prescelly  Hills  (1760  feet), 
12  miles  to  the  north-east.  There  are  besides  many  tidal  creeks, 
locally  called  '  pills,'  branching  out  of  the  estuary. 

The  bottom  of  one  of  these,  Neyland  Pill,  situated  nearly  opposite 
Pembroke  Dock,  was  thoroughly  explored  some  35  years  ago  by 
borings.  The  rock- bottom  was  traced  from  side  to  side  at  about 
19  places  in  the  length  of  a  mile  from  the  mouth  of  the  pill. 
Fig.  1  (p.  252)  is  a  characteristic  example  of  the  cross-sections.' 

At  the  uppermost  section  of  the  pill,  a  mile  from  its  mouth,  the 
rock-bottom  is  12  feet  below  the  level  of  low- water  spring-tides, 
and  is  covered  with  23  feet  of  mud  and  silt.  Each  successive  section 
shows  the  bottom  of  the  rock-valley  deepening  gradually  to  near  the 

*  [With  thia  paper  were  exhibited  45  crot vsect'ons  of  Talleys  drawn  to  an 
uniform  scale,  and  othor  seotionB.  Eaamplei  of  these  have  been  selected  for 
puUioation.] 


Digitized  by 


Google 


252         XB.  T.  CODBIHeiOV  OH  SUBMBBaiD  B0CK-TALLBT8      [Aug.  1 898, 


mouth  of  the  pill  (fig.  1),  where  the  deepest  part  of  the  valley  is 
45  feet  below  ^e  level  of  low-water  spring-tideB,  and  is  filled  with 
mud  and  silt  to  a  depth  of  44-50  feet.  At  the  mouth  of  the  pill 
the  rock  was  not  traced  to  the  deepest  part  of  the  section,  but  just 
beyond,  and  outside  the  pill  a  complete  section  was  made  in  which 
the  rock-valley  beneath   the 


mud  is  well  marked,  the 
deepest  boring  being  45  feet 
below  the  level  of  low-water 
spring-tides  through  22  feet 
of  silt. 

Not  far  from  the  mouth  of 
the  pill  there  is  a  depth  of 
66  feet  in  the  main  channel 
of  Milford  Haven. 

The  rock-bottom  and  sides 
of  the  pill  are  of  Old  Bed 
Sandstone,  and  there  is  the 


Fig.  I.— Net/land  PtU. 


[Scales:  HorbontAl,  400  feet=l  uich. 
Vertioal,  100  feet=l  inch] 


same  general  outline  of  cross-section  above  and  below  the  present 
water-line.  The  sides  have  slopes  of  1  vertical  to  2^,  2|,  and 
1^  horizontaL  The  late  Mr.  Okeden,  who  made  the  boringSf  found 
Diatomaces  in  the  clay  brought  up  by  the  boring-tool,  and  he 
preserved  and  mounted  many  specimens,  now  unfortunately  lost. 

About  4  miles  lower  down  the  Haven  is  Milford,  where  docks 
have  been  constructed  at  the  mouth  of  a  pill,  similar  in  general 
features    to    Neyland     Pill. 


Fig.  2  is  a  section  across  the 
mouth  of  the  pill,  as  revealed 
in  the  progress  of  the  dock- 
works.  The  bottom  of  the 
rock-valley  is  51  feet  below 
the  level  of  low-water  springs 
tides,  and  had  58  feet  of  mud 
over  it.  Farther  out,  at  low- 
water  mark,  the  depth  to  the 
rock  was  found  to  be  65  feet, 
with  that  depth  of  mud  over 
it.  The  rock,  as  at  Neyland, 
is  Old  Bed  Sandstone. 


Fig.  2. 

Ullford  Docks 
Section  through  Entnuice  Lock, 


^/.V-S 


[Scales :  Horizontal,  400  feet=l  inch. 
Vertical.  100  feet=l  inch] 


The  lenglh  of  the  main  stream  flowing  into  Neyland  Pill  is  about 
6  miles,  draining  about  10  square  miles  of  country.  That  flowing 
into  Milford  Pill  is  some  3  miles  long,  draining  an  area  of  about  6 
square  miles.  Both  streams  originate  in  ground  about  300  feet 
above  the  sea-level. 

The  deepest  sounding  in  Milford  Haven,  opposite  Milford,  is  72  feet 
below  the  level  of  low  water,  and  there  is  no  deeper  sounding  down 
to  the  entrance  of  the  Haven.  The  10-fathom  line  of  the  chart  runs 
across  the  mouth,  with  a  loop  extending  up  the  Haven,  and  there  are 
many  rocks  inside  this  line.     Outside  it  the  20-£Etthom  line  is  less 
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than  ^  mile  distant.  The  whole  of  the  Haven  would  be  laid  dry  if 
the  land  were  raised  enough  to  bring  the  bottom  of  the  rock-yalley 
at  Milford  Docks  above  low-water  spring-tides. 

There  are  indications  of  similar  submerged  valleys  farther  north 
on  the  Welsh  Coast.  A  survey  made  of  the  river  Tivy,  25  miles 
north  of  Milford  Haven,  shows  that  at  from  4  to  5  miles  from  the 
sea,  above  the  lower  Cilgerran  slate-quarries,  where  the  river  has 
not  been  partly  filled  in  with  quarry-refuse,  the  bottom  is  20  feet 
below  the  level  of  low  water  as  it  was  in  1851.  Above  Cilgerran 
slate-quarries  there  are  depths  of  as  much  as  25  feet  below  the  same 
leveL  Low  water  is  now  several  feet  higher,  in  consequence  of  the 
accumulations  of  quarry-refuse  in  the  river. 

Still  farther  north,  at  Barmouth,'  it  is  on  record  that  the  rock- 
bottom  of  the  Mawddach  was  traced  by  the  cylinder-foundations  of  the 
railway-viaduct  to  40  feet  below  the  level  of  low  water,  where  it  was 
shelving  rapidly  downward  beneath  a  bed  of  peat  of  unascertained 
thickness,  but  too  deep  to  be  penetrated  for  foundations. 

Along  the  south  coast  the  next  indication  of  a  submerged  valley 
is  at  Loughor,  where  the  piles  of  the  bridge  across  the  river  were 
driven  37  feet  below  the  level  of  low  water  without  reaching  rock. 

Rivers  Tawe  and  Neath. 

There  are  evidences  of  submerged  rock-valleys  in  the  rivers  Tawe 
aud  Neath,  though  complete  sections  have  not  been  made  out. 

At  Landore,  2  miles  above  Swansea,  the  river  Tawe  is  crossed  by 
the  South  Wales  Eailway.  When  the  first  viaduct  was  built,  a 
boring  was  put  down  to  a  depth  of  30  feet,  showing,  in  descending 
order  blue  day,  sand,  gravel,  and  boulders.  The  viaduct  has  been 
reconstructed,  and  the  foundations  of  the  main  piers  (according  to 
information  given  me  by  Mr.  Inglis,  the  engineer  of  the  Great 
Western  Railway  Co.)  are  in  hard  Boulder  Clay,  which  was  pene- 
trated by  piles  for  30  to  40  feet  before  a  hard  bearing  was  reached. 
Over  the  Boulder  Clay,  in  ascending  order,  are  soft  blue  clay  with 
small  boulders,  then  silt,  then  hard  clay  and  shingle.  In  a  section 
at  Swansea  Docks  described  by  Mr.  M.  Moggridge  in  1856,'  the 
lowest  bed,  below  the  level  of  low  water,  and  not  passed  through,  is 
described  as  brown  day  and  gravd  with  boulders,  some  of  the 
latter  large  enough  to  require  blasting.  This  is  no  doubt  the 
Boulder  Clay  of  the  Landore  section.  The  material  most  abundant  in 
it  was  Coal  Measure  sandstone,  next  Millstone  Grit,  Old  Red  Sand- 
stone nearly  as  abundant,  and  Carboniferous  Limestone  less  so, 
though  a  large  boulder  was  of  this  material.  Assuming  that  these 
rocks  came  from  the  northern  outcrop,  they  must  have  travelled  18 
or  20  miles  down  the  vaUey.  Above  this  bed  was  marine  clay  with 
Serobicularia  piptrata^  in  which  were  peaty  beds  containing  remains 
of  oak,  beech,  birch,  idder,  and  hazel. 


>  H.  Copvbeare,  Proo.  Inst  C.  E.  vol  zxxii  (1871)  p.  139. 
'  Qaart  Journ.  Qed.  Soo.  voL  zii,  p.  160. 
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At  Neath  a  boring,  made  many  years  ago  to  find  a  foundation  for 
the  railway-bridge,  reached  62  feet  below  the  bed  of  the  river, 
passing  through  blue  day  and  peat,  and  ending  in  gravel.  More 
recently  further  evidence  has  been  afforded  by  trial-shafts  and 
borings  along  the  line  of  a  proposed  tunnel  under  the  river,  and  by 
the  cylinder-foundations  of  a  bridge  for  the  Rhondda  &  Swansea 
Bay  Hailway.  The  bridge  is  1^  mile  below  Neath,  and  is  444  feet 
long.  The  cylinders  of  the  westernmost  pier  reached  the  Coal 
Measures  at  28  to  31  feet  below  the  level  of  low  water,  and  one  of 
the  cylinders  in  the  next  pier,  58  feet  distant,  probably  touched  Coal 
Measure  shale ;  but  the  cylinders  of  the  other  four  piers  all  ended  at 
from  36  to  42  feet  below  the  level  of  low  water  in  stiff  dry  clay-with* 
stones,  which  was  found  by  boring  in  one  of  the  cylinders  to  reach 
a  depth  of  more  than  55  feet  below  the  level  of  low  water.  The 
bridge  is  on  the  west  side  of  the  existing  valley,  here  more  than  a 
mile  wide  and  but  little  above  high  water.  At  what  depth  the 
rock-bottom  may  be  east  of  the  bridge  there  is  no  evidence. 

The  deposits  passed  through  by  the  cylinders,  in  ascending  order, 
are  (1)  the  hard  dry  clay  and  stones,  penetrated  to  about  28  feet,  and 
of  unknown  depth ;  (2)  gravel  and  large  stones ;  and  (3)  sandy  clay 
and  mud,  from  about  20  feet  below  the  level  of  low  water  upwards. 
The  large  stones  in  (2)  were  of  irregular  shape  and  size  up  to  about 
7  feet  across,  waterworn  but  not  round.  The  blocks  in  the  hard 
dry  clay  below  (1)  were  similar,  and  the  materials  noticed  were 
Pennant  and  Grit.  It  is  believed  that  the  first  cylinder  sunk  (6  feet 
in  diameter)  rests  entirely  on  a  large  boulder,  supposed  to  be  rock 
in  situ  until  other  cylinders  of  the  pier  were  sunk. 

I  was  not  fortunate  enough  to  see  the  sinking  of  the  cylinders, 
but  the  railway-cutting  near  Cwrt  Sart,  about  a  mile  to  the  east- 
ward, was  pointed  out  as  exhibiting  the  same  formation.  At  that 
point  a  long  rounded  hill,  called  Giant's  Grave,  rises  out  of  the  valley 
to  upwards  of  100  feet.  On  the  west  of  it  is  the  river  Neath, 
flowing  through  marsh-land,  and  on  the  east  of  it  is  a  valley  some 
20  feet  higher  in  level  separating  Giant's  Grave  from  Mynydd  y 
Gaer,  rising  to  1000  feet,  through  which  the  road  and  the  railways 
pass.  The  latter  cut  into  the  isolated  hill,  and  furnish  a  section  at 
from  20  to  40  feet  above  the  sea  of  what  is  (to  all  appearance) 
Boulder  Clay.  The  lower  part  is  more  clayey  than  the  upper  part, 
but  the  constituents  are  the  same: — rounded  stones, gravel,  and  clay, 
containing  boulders  and  blocks  of  Millstone  Grit,  Old  Red  Sandstone, 
and  Coal  Measure  sandstone.  One  boulder  of  Millstone  Grit  measured 
2^  X  2  X  1^  feet  and  another  3x2x1^  feet,  and  there  are  many, 
8ome  well  rounded  and  smoothed,  others  subangular,up  to  a  cubic  foot 
in  size.  The  blocks  of  Coal  Measure  sandstone  are  larger  and 
more  angular,  though  embedded  in  pebbles  and  rounded  stones. 
One  polygonal  block,  which  measured  6x5x2  feet,  was  covered  with 
angular  and  rounded  stones  embedded  in  gravel  and  clay.  In  the 
side  of  the  cutting  there  remains  a  block  of  sandstone  8  x  3  x  ?  5  feet 
plainly  glaciated  on  the  smoothed  upper  surface,  and  I  also  observed 
a  smaller  rounded  and  smoothed  block  unmistakably  striated. 


Digitized  by 


Google 


YoL  54.]         nr  soitth  walsb,  bxyov,  akb  oobvwall.  255 

The  borings  and  trial-shafts  for  a  tunnel  were  snnk  at  the  mouth 
of  the  river  below  Briton  Ferry,  some  2  miles  below  the  bridge.  In 
the  deepest  shaft,  350  yards  west  of  the  present  low-water  dhannel, 
rook  was  reached  at  53  feet  below  the  lerel  of  low  water.  The 
borings  east  and  west  of  this  shaft  reached  rook  at  33  and  35  feet 
below  the  level  of  low  water,  but  though  53  feet  may  be  about  the 
greatest  depth  of  this  particular  rock-channel,  there  is  ample  room 
for  a  deeper  one  on  either  side  of  it.' 

The  deposits  above  the  rock  were  found  to  be  gravel  and  day, 
and  sand  and  clay  in  layers  under  a  varying  thickness  of  sand. 

Low-water  mark  is  now  nearly  2^  miles  to  the  seaward  of  this 
section,  and  a  depth  of  53  feet  at  low  water  is  not  reached  for  more 
than  2  miles  farther  out. 

The  vaUeys  of  the  Tawe  and  the  Neath  lie  parallel  to  each  other, 
about  5  miles  apart,  separated  by  ground  1000  feet  high.  They 
extend  in  a  N.N.E.  direction  for  22  miles  to  the  Old  Red  Sandstone 
mountains  of  Brecknockshire,  which  rise  2,300  to  2,600  feet  above 
the  sea.  The  drainage-area  of  each,  valley  is  about  100  square 
miles. 

To  the  eastward  of  the  Neath  river  the  Ogmore,  the  Taff  and 
Ely,  the  Rnmney,  and  the  Usk  flow  into  the  Bristol  Channel,  the 
first-named  in  a  well-defined  valley,  but  the  others  through  a  wide 
alluvial  flat  beneath  which  the  position  of  submerged  rock-valleys 
has  not  been  traced,  though  at  Cardiff  and  Newport  considerable 
thicknesses  of  deposits  over  the  rock  have  been  proved,  often 
having  a  coarse  gravel  at  the  base.  An  interesting  section  of  a 
submerged  land-surface  was  exposed  in  the  construction  of  Barry 
Docks.  It  was  described  by  Mr.  Strahan,*  who  showed  that  a 
subsidence  of  at  least  55  feet  must  have  taken  place  since  the 
formation  of  the  lowest  peat-bed. 

The  Wye. 

Before  and  during  the  construction  of  the  Chepstow  railway-bridge, 
the  bed  of  the  river  Wye  was  explored  by  sinking  a  3-foot  trial- 
cylinder,  by  borings,  and  by  the  sinking  of  twelve  cylinders  of  6  and 
8  feet  diameter  to  the  rock,  through  44  to  58  feet  of  overlying  deposits. 
The  general  section  thus  obtained  is  illustrated  in  fig.  3  (p.  256). 
The  eastern  or  left  bank  of  the  river  is  a  precipitous  cliff  of  Mountain 
Limestone,  125  to  130  feet  high  from  low  water.  The  rock  was 
traced  for  100  feet  from  the  face  of  the  cliff;  it  is  less  precipitous 
near  low-water  level,  and  generally  horizontal  beyond,  where  it  is 
22  feet  below  the  level  of  low  water  or  63  feet  below  high-water 
spring-tides,  and  is  overlain  by  a  thin  stratum  of  red  clay.  Against 
the  foot  of  the  cliff  there  is  an  accumulation  of  rock-fragments  as 

^  The  writer  is  indebted  to  Mr.  Yockney,  Mliist.0  E.,  the  ODgineer  of  the 
imilwaj,  and  to  Mr.  GKildwyer,  M.InstO.Ji.,  the  resident  engineer,  for  par- 
Uculan  of  these  two  sections. 

*  Quart.  Joum.  Geol.  Soo.  vol.  lii  (1896)  p.  474. 

a  J.  G.  8.  No.  215.  u 
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much  as  10  feet  thick,  over  which  is  gravel,  vnth  loose  rocks,  and 
then  silt  and  mud,  also  containing  loose  stones.  These  deposits  are 
abont  15  feet  thick,  and  rise  considerably  above  half-tide  level.  It 
is  nnfortonately  not  known  whether  the  rock- fragments  are  of 

limestone,  a  talus  from  the  cliff 
above,  or  whether  they  consist 
of  rocks  from  a  distance.  For 
170  feet  the  rock-bottom  was 
unexplored,  but  at  300  feet 
from  the  face  of  the  cliff  is  the 
group  of  six  8-foot  cylinders 
forming  the  main  pier  of  the 
bridge,  and  occuppng  an  area 
of  about  50  X  20  feet.  They 
were  sunk  through  44  feet  of 
overlying  deposits  to  the  rock, 
which  was  reached  at  31  to 
42  feet  below  the  level  of  low 
water.  The  three  cylinders 
north  -  west  of  a  diagonal 
across  the  pier  are  upon  lime- 
stone, dipping  40°  east,  and 
the  three  cylinders  on  the 
south-east  are  upon  what  is 
recorded  as  'hard  sandstone,' 
'  sandstone  alternating  with 
red  marl,' '  hard  red  marl  and 
sandstone  in  thin  beds.'  It 
would  seem  that  the  fault 
shown  on  the  Geological  Sur- 
vey map  not  far  off,  with  a 
downthrow  to  the  west,  is  here, 
and  that  the  beds  south-east 
of  the  limestone  are  Old  Bed 
Sandstone. 

At  100  feet  west  of  the  main 
pier  is  another  pier,  of  three 
6-foot  cylinders,  and  at  100 
feet  still  farther  west  a  similar 
pier.  All  these  cylinders  are 
founded  on  dark  Carboniferous 
Limestone,  at  13  to  16  feet 
below  the  level  of  low  water. 

The  rock-bottom  was  traced 
by  boring  all  the  way  from  the 
main  pier  to  75  feet  west  of  the  westernmost  pier,  where  it  was 
10  feet  above  low-water  level,  still  under  25  feet  of  day,  gravel,  and 
silt.  Within  about  350  yards  to  the  westward  on  the  line  of  the 
section,  the  limestone  reaches  the  same  height  as  it  does  east  of  the 
river. 
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The  deposits  oyer  the  rock-bottom  are  recorded  in  sections  made 
when  the  cylinders  were  being  snnk.  At  the  main  piers  both 
sandstone  and  limestone  are  coYered  with  4  or  5  feet  of  what  is 
called  red  marl,  but  it  may  be  more  accurately  described  as  stiff,  red, 
sandy  clay.  Over  that  is  a  layer  of  3  feet  of  boalders  and  coarse 
gravel  in  red  clay,  some  of  the  boulders  being  of  conglomerate, 
•others  of  sandstone  and  red  limestone,  one  more  than  6  feet  across. 
Then  comes  4  feet  of  fiue  gravel  (limestone),  over  which  is  a  bed 
of  leaves,  timber,  hazel-nuts,  roots,  and  branches.  This  bed  is 
22  feet  below  the  level  of  low  water,  or  more  than  62  feet  below 
high  water ;  it  is  covered  with  coarse  sand,  which  passes  upward 
into  soft  grey  sand  and  day,  over  which  are  silt  and  mud  to  6  or 
8  feet  above  low-water  level. 

At  the  next  pier  (fig.  4,  p.  258),  red  sand,  sandy  day,  and  gravd 
overlie  the  limestone,  the  surface  of  which  is  broken  up.  In  one 
cylinder  a  sandstone-boulder  (6  feet  across  and  2  feet  thick)  rested 
on  the  limestone  embedded  in  this  deposit,  and  in  another  a  piece  of 
sound  oak  8  or  9  inches  in  diameter  lay  across  the  cylinder  close  to 
the  rock,  covered  with  2  feet  of  red  sand-and-gravel.  In  each  of  the 
three  cylinders  of  this  pier,  over  the  red  sand-and-gravel,  and  2  or 
3  feet  above  the  limestone-rock,  there  is  a  layer  of  6  to  10  inches  of 
hard  blue  day,  and  over  that  grey  sand  and  silt  with  a  few  small 
shells,  stalks  of  plants  (probably  sedges),  hazel-nuts,  and  wood. 
Above  low-water  levd  the  silt  becomes  more  muddy ;  it  reaches 
28  feet  above  that  level,  making  the  total  thickness  of  the  deposits 
over  the  rock  at  this  pier  45  feet. 

At  the  westernmost  pier  (fig.  5,  p.  258)  the  solid  limestone  is  over- 
lain by  a  few  feet  of  broken  rock  in  dry  sandy  clay,  over  which  is 
coarse  gravd  with  day  and  a  few  boulders,  and  then  sand  and  day 
with  more  boulders  of  sandstone  and  conglomerate.  At  3  feet 
below  the  level  of  low  water  this  is  succeeded  by  a  bed  of  stiff,  sandy, 
blue  clay,  3  to  5  feet  thick,  with  stalks  of  plants  (probably  sedges), 
and  over  that  blue  silt,  day,  and  mud  reach  to  above  high-wat^ 
level,  making  a  total  thickness  of  55  feet  over  the  rock. 

The  boulders  of  conglomerate  and  sandstone  probably  are  derived 
from  the  Old  Bed  Sandstone  beds  which  are  exposed  higher  up  the 
Wye  Valley. 

The  Severn. 

At  tihe  mouth  of  the  Wye,  the  Severn  is  but  shallow,  with  a 
sandy  bottom,  but  just  above,  near  Chapel  Idand,  there  is  54  feet  of 
water  at  low-water  spring-tides,  and  below,  halfway  between  the 
Wye  and  the  Severn  Tunnel,  the  chart  shows  a  sounding  of  82  feet 
at  low  water. 

At  the  Severn  Tunnel,  2|  miles  below  the  mouth  of  the  Wye,  a 
complete  section  of  the  river-bottom  was  made.^  For  1  j  mile  on 
the  eastern  side  the  bed  of  the  river  consists  of  bare  New  Bed 
JSandstone  rock  wdl  above  low  water,  called  *The  English  Stones.' 


>  See  T.  A  Walker, '  The  Severn  Tannel.' 
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(See  horizontal  section,  fig.  3,  p.  256.) 

Fig.  4. — Section  in  cylinder  at  B. 


Fig.  5. — Section  in  cylinder  at  A* 
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Then  comes  the  deep  channel  called  '  The  Shoots/  550  yards  wide 
at  the  level  of  low  water,  and  280  yards  wide  at  the  bottom, 
which  is  as  much  as  60  feet  below  the  leyel  of  low-water  of  spring- 
tides. The  sides  are  steep,  on  the  western  side  almost  precipitous  in 
places.  This  deep  channel  is  excavated  in  the  Pennant  Beds  of  the 
Coal  Measures.  West  of  '  The  Shoots '  the  rock  is  above  low  water 
for  about  300  yards,  and  near  the  western  shore  is  a  second  low- 
water  channel  12  feet  deep. 

The  rock-bottom  is  bare  all  across  the  present  river^  but  in  the 
cutting  at  the  eastern  end  of  the  tunnel  an  old  channel  was  laid 
open,  the  beds  in  which  are  described  as  follows  by  Mr.  C.  Richardson, 
the  engineer  of  the  tunnel : — ^The  New  Bed  Sandstone  rock,  which 
in  the  bed  of  the  river  is  considerably  above  the  level  of  low  water, 
at  the  end  of  the  tunnel  is  13  feet  below  that  level,  from  which  it 
rises  gradually  eastward.  Upon  it  lies  a  coarse  gravel  with  large 
masses  of  Old  Red  Conglomerate,  Millstone  Grit,  and  Mountain 
Limestone,  over  which  is  a  finer  gravel,  with  clean  river-sand  over 
it.  It  is  stated  by  Prof.  SoUas '  that  the  lowest  gravel  contained 
glaciated  stones.  These  beds,  which  were  quite  free  from  mud,  are 
covered  with  silt  or  muddy  sand,  over  which  is  a  bed  of  peat  below 
half-tide  level,  or  about  20  feet  below  ordinary  high-water  spring- 
tides ;  then  comes  a  pale-coloured  clay,  then  another  peat-bed  2  feet 
thick,  over  which  is  blue  clay  up  to  the  surface  of  the  ground  at 
about  high-water  level.  These  beds  preserve  their  general  level, 
undulating  slightly,  all  along  the  cutting,  for  more  than  |  mile. 
They  are  cut  through  down  to  the  silt  beneath  the  lowest  peat-bed 
by  four  old  rivercourses  which  are  filled  up  with  mud.  The  trunk 
of  a  large  oak-tree  lay  below  the  upper  peat.  Many  years  before, 
when  the  Bristol  &  South  Wales  Union  Railway  was  being  con- 
structed, a  peatr-bed  2  to  7  feet  thick  was  found  in  five  places  east  of 
this  cutting,  resting  directly  upon  the  red  marl,  under  11  to  14  feet 
of  day. 

The  cylinder-foundations  of  the  Severn  Bridge,  14  miles  above 
the  tunnel,  furnished  another  section  of  the  bed  of  the  Severn 
(fig.  6,  p.  260).  Twenty-one  piers,  composed  of  forty-eight  cylinders, 
were  sunk  in  the  bed  of  the  river  to  the  marl-beds  of  the  Old  Red 
Sandstone.  The  deepest  part  of  the  rock-bottom  is  near  the  western 
side,  where  it  is  42  feet  below  the  level  of  low  water,  and  is  covered 
up  by  24  feet  of  sand  and  silt.  The  rock  rises  thence  gradually 
to  the  eastward,  and  reaches  the  level  of  low  water  at  the  eastern 
shore,  rather  more  than  |  mile  distant.  A  little  to  the  east  of  the 
deepest  part  of  the  rock-section,  there  is  a  bed  of  peat  about  2  feet 
thick  immediately  over  the  rock,  39  feet  below  the  level  of  low 
water,  and  68  feet  below  high- water  spring-tides.  The  peat,  which 
is  covered  by  about  3  feet  of  clayey  gravel  and  stones,  was  found 
only  in  one  pair  of  cylinders,  but  a  bed  of  clayey  gravel  and  stones 
was  found  overlying  the  marl  nearly  to  the  eastern  bank,  with  one 

^  Qnart.  Joun.  Oeol.  Soe.  vol  zznx  (1888)  p.  622. 
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break.  Sand  and  silt,  from  14  to  26  feet  thick,  oover  the  gravel 
for  the  whole  width  of  the  river.  Borings  made  for  a  proposed 
earlier  bridge,  |  mile  lower  down  the  river,  seem  to  indicate  that 
the  peat-bed  extends  in  that  direction,  widening  ont  considerably.^ 

Near  Gloncester,  the  two  branches  of  the  Severn  are  crossed  by 
the  South  Wales  Railway,  and  trial-pits  were  sunk  before  the 
bridges  were  constructed.  Six  were  sunk  at  Over,  giving  a  section 
extending  100  yards  on  each  side  of  the  river,  and  five  on  the  other 
branch,  giving  a  section  of  about  the  same  length  (fig.  7,  facing  this 
page).  The  Liassic  clay  was  reached  at  from  15  to  28  feet  below 
the  level  of  low  summer-water  at  Over,  and  at  from  18  to  31  feet  at 
the  eastern  branch  of  the  river.  At  Over,  about  2  feet  of  rough 
gravel  overlies  the  Lias,  with  2  feet  of  red  clay  and  sand  over  it. 
Then  comes  a  bed  of  black  peat  from  3  to  10  feet  thick  (the  bottom 
of  which  is  33  feet  below  the  level  of  high  water),  and  then  4  to 
8  feet  of  sandy  mud,  over  which  is  a  second  peat-bed  2  to  4  feet 
thick,  covered  up  by  blue  clay,  sand,  and  mud  to  the  ground-level. 
At  the  eastern  branch  of  the  river,  the  gravel  immediately  over  the 
lias  is  6  to  18  feet  thick,  and  the  red  clay  over  it  2  to  5  feet  thick. 
A  bed  of  black  peat,  the  only  one  in  this  section,  overlies  the  red 
clay ;  it  is  2  to  .4  feet  thick,  and  in'  thickness  and  level  appears  to 
correspond  with  the  upper  peat-bed  at  Over.  Sand  and  mud  cover 
up  the  peat  to  the  gp^ound-leveL 

The  Avon. 

About  7  miles  below  the  mouth  of  the  Wye,  the  Avon  enters  the 
Severn  estuary  through  the  remarkable  Clifton  gorge,  upwards 
of  200  feet  deep,  and  more  than  700  feet  wide  where  the  Suspension 
Bridge  crosses  it.  The  improvement  of  the  channel  in  recent  years 
has  not  revealed  any  complete  cross-section  of  the  rock-bottom  of 
the  river,  but  the  sides  have  been  found  to  slope  down  beneath  the 
mud  as  steeply  as  1  in  1,  and  to  27  and  32  feet  below  the  level  of 
low  water.  At  the  Zigzag'  just  above  the  Suspension  Bridge, 
nearly  7  miles  from  the  Severn,  the  rock-bottom  was  traced  to  a 
depth  of  23|  feet  below  the  level  of  low  water  on  each  side,  leaving 
72  feet  in  the  middle  unexplored.  The  mud  is  24  feet  deep :  gravel 
and  large  stones  are  usually  found  overlying  the  rock,  which  is 
Mountain  Limestone. 

West  of  the  Avon  an  alluvial  flat  constitutes  the  southern  shore 
of  the  Severn  estuaiy  as  far  as  Highbridge.  As  to  the  rivers  beyond 
that  point  I  have  no  special  information. 

>  Mr.  G.  W.  Keeling,  M.Inat.O.E.,  has  kindly  supplied  the  particulars  of 
the  Severn  Bridge  section. 
'  The  writer  is  indebted  to  Mr.  McCorrich,  MInstO JB.,  for  this  information. 
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II.  Dbton  ahd  Gobkwall. 
The  Dart. 

The  lower  course  of  the  river  Dart  lies  between  steep  banks  of 
Devonian  slate.  Its  entrance  from  the  sea  is  but  250  yards  wide, 
inside  which  is  Dartmouth  Harbour^  into  which  several  creeks  open 
Two  miles  np  the  river  is  another  narrow  part,  which  is  crossed 
by  two  greenstone-dykes.  Above  that  is  a  remarkable  lake-like 
expanse  of  water  more  than  a  mile  wide,  and  reaching  to  within 
14  mile  of  Torbay. 

Across  the  narrow  part  of  the  river,  below  this,  near  Maypod, 
borings  were  made  for  a  proposed  bridge.  There  is  43  feet  of 
water  at  low-water  spring-tides  at  the  deepest  place  where  the 
section  (fig.  8)  was  taken,  and  43  feet  of  mud  and  silt  was  found 
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below  that.  The  greatest  depth  to  the  rock-bottom  reached  was  110 
feet  below  the  level  of  low  water  spring-tides,  under  85  feet  of  mud 
and  silt.  The  average  slope  of  the  rock-sides,  as  shown  in  the  section, 
is  1  in  3)1  on  the  south  side,  and  1  in  3  on  the  north  side,  corre- 
sponding with  the  slopes  above  the  water-level,  which  rise  to  130  and 
150  feet  above  the  river.  The  real  slopes  are  steeper,  as  the  section 
crosses  the  river  obliquely  ;  for  the  same  reason,  a  section  at  right 
angles  to  the  valley  would  be  narrower.  Dark  red  clay  and  fine 
shillet  (Devonian  shale)  are  recorded  as  overlying  the  rock  on  the 
southern  slope. 

About  I  mile  below  this  section,  on  the  left  bank  of  the  river, 
Longwood   Creek    is  crossed  by  the  railway.      The  piles  of  the 
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timber  viaduct  were  driven  down  to  the  rook,  and  the  cross-section 
of  the  creek  so  obtained  is  given  in  fig.  9.  The  greatest  depth 
to  the  rock  reached  was  65  feet  below  the  level  of  low-water 
spring-tides,  the  silt  being  75  feet  deep  over  it.  The  rock-sides 
slope  1  in  1|  and  1  in  3. 

Noss  Greek  is  crossed  by  a  viaduct  close  by. 
Just  above  Eingswear,  opposite  Dartmouth,  is  Waterhead  Creek, 
crossed  by  a  timber  viaduct,  during  the  construction  of  which  borings 

were  made,  and  piles  were  driven 
down  to  the  rock  at  frequent  inter- 
vals. The  greatest  depth  reached  was 
91  feet  below  the  level  of  low-water 
spring-tides,  the  mud  and  silt  at  that 
point  being  95  feet  deep.  The  sides 
of  the  rock- valley  were  found  to  slope 
1  in  24  and  1  in  2i. 

At  Xingswear  Jetty  several  lines  of 
borings  were  made,  and  many  piles 
were  driven,  exteoding  into  the  river 
for  120  feet  from  low-water  mark, 
nearly  at  right  angles  with  the  Water- 
head  Creek  section.  The  rock  was 
proved  to  a  depth  of  71  and  73  feet 
below  the  level  of  low- water  spriug- 
tides.  The  silt  was  52  feet  deep,  and 
over  the  rock  was  found  about  4  feet 
of  stiff  red  clay  and  Btones.  A  little 
seaward  of  the  jetty  the  entrance  to 
the  harbour  has  since  been  widened 
by  dredging,  and  beneath  the  silt 
there  a  deposit  was  found  too  stiff 
to  dredge.  On  examination  in  a 
diving-dress  it  was  found  to  contain 
boulders  of  Dartmoor  granite  and 
white  quartz. 

The  continuation  of  the  slopes  of 
the  rock-sides  at  the  Kingswear  Jetty 
section  down  to  the  Maypool  depth, 
and  completing  a  section  across  the 
river  from  the  rock  exposed  in  the 
channel  on  the  south  side,  gives  a 
cross-section  very  similar  to  that  of 
the  rock-valley  at  Maypool  (fig.  8). 
Between  Eingswear  and  Maypool 
now  there  is  nowhere  a  greater  depth  of  water  than  54  feet,  and  the 
bottom  is  everywhere  mud,  sand,  or  gravel.  Lower  down  in  the 
narrow  entrance  is  a  depth  of  78  feet,  but  seaward  of  that,  and 
within  a  line  drawn  across  from  Coombe  Point  to  inside  the  Mew- 
fltone,  there  is  no  depth  greater  than  40  feet,  the  bottom  being 
nearly  flat,  of  mud,  sand,  gravel,  and  shells,  with  rocks  appearing  here 
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and  there  above  it.  Outside  this  line  the  depth  increases,  and  the 
10-fathom  line  is  but  200  to  600  yards  distant,  passing  dose  to  the 
Mewstone,  thence  to  Berry  Head  and  outside  Torbay.  The  depth 
of  the  rock-bottom  at  Maypool  is  not  reached  until  nearly  as  far  out 
as  the  20-fathom  line,  about  2  miles  outside  the  mouth  of  the  Dart. 

It  may  be  noticed  here  that  pait  of  the  town  of  Dartmouth 
(Butter  Eow,  etc.)  appears  to  be  situated  on  a  silted-up  creek.  The 
depth  of  the  silt  is  considerable,  and  when  a  new  quay-wall  was 
bmlt  a  few  years  ago  the  rock-sides  of  the  creek  were  found  to  slope 
downwards  to  such  a  depth  that  the  bottom  was  not  reached  by 
borings  carried  down  from  low-water  spring-tides. 

The  drainage-area  of  the  river  Dart  is  200  square  miles,  extending 
to  Dartmoor  (1971  feet  above  Ordnance  datum).  Waterhead  Creek 
and  Longwood  Creek,  where  they  join  the  Dart,  are  only  1|  mile 
from  the  water-parting  between  that  river  and  the  coast  between 
the  Mewstone  and  Berry  Head.  The  ground  at  the  dividing  ridge 
is  480  to  580  feet  above  the  sea. 

About  12  miles  south-west  of  the  Dart  \b  the  Salcombe  estuary, 
which  enters  the  sea  between  Prawle  Point  and  Bolt  Head,  passing 
through  the  Archaean  (?)  rocks  in  a  narrow  channel.  Inside  that, 
in  the  Devonian  shale,  the  estuary  widens  considerably  and  branches 
into  seven  creeks.  There  are  no  sections,  but  appearances  lead  me 
to  think  that  there  are  submerged  rock-valleys  of  considerable  depth. 
The  streams  running  into  the  creeks  are  short,  rising  in  ground 
from  300  to  450  feet  above  the  sea-leveL  The  whole  area  now 
draining  into  the  estuary  does  not  exceed  50  square  miles,  but  in 
former  times  the  upper  part  of  the  drainage-area  of  the  Avon  may 
have  been  included.  Farther  west  the  estuaries  of  the  Avon,  Erme, 
and  Tealm,  which  rise  on  Dartmoor  at  1500  to  1600  feet  above  the 
sea,  present  similar  features. 

Plymouth  and  Neighbourhood. 

A  remarkable  series  of  rock-valleys  below  the  sea-level  has  been 
explored  in  the  neighbourhood  of  Plymouth. 

The  general  coDfigu ration  of  Plymouth  Sound  and  the  waters 
communicating  with  it  will  be  seen  on  reference  to  a  map.  At  the 
inner  end  of  the  Sound,  east  of  Plymouth,  is  the  entrance  to  Catte- 
water  and  the  Laira,  a  section  of  the  latter  being  afforded  by  the 
cylinder-foundations  of  a  railway-bridge.  Opposite  the  entrance  to 
Cattewater  is  Sutton  Pool. 

West  of  the  town  of  Plymouth  is  MiUbay,  occupied  by  the  Great 
Western  Docks,  the  bottom  of  which  was  thoroughly  explored 
by  borings.  Partber  west  is  the  narrow  entrance  to  Hamoaze 
through  Devonian  Limestone,  inside  which  the  water  widens  out 
and  branches  into  many  creeks  or  lakes,  all  in  Devonian  shale. . 
Eight  of  these  lakes  are  crossed  by  timber  viaducts  of  the  Cornwall 
Kailway,  in  spans  of  66  feet,  the  pile-foundations  of  which  gave 
accurate  sections  of  the  rock-bottom.  The  Tamar  is  crossed  by 
Saltash  Bridge,  and  Tamerton  Lake  and  the  Tavy  by  viaducts  of 
the  South-Western  Railway.  • 
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The  Laira. 

A  section  was  revealed  by  the  cylinder-foundations  of  the  railway- 
bridge,  which  has  been  described  by  Mr.  K.  H.  Worth.'  The  sides 
of  the  rock-vaUey  have  slopes  as  steep  as  1  in  2,  and  dip  down  to  87 
feet  below  the  level  of  low- water  spring-tides,  leaving  a  width  of 
212  feet  in  the  middle  of  the  river  unexplored,  and  pcssibly  deeper. 
This  valley  is  in  the  limestone-rock  and  is  filled  up  to  low- water 
level  with  sand,  much  of  it  of  a  coarse  grain.  Two  layers  of  oyster- 
shells  of  considerable  thickness  were  met  with,  one  at  about  30  feet, 
and  the  other  at  between  60  and  70  feet  below  the  level  of  low  water. 

Towards  the  Sound,  the  rock-bottom  of  Cattewater  is  more  than 
64  feet  below  the  level  of  low  water,  and  in  Sutton  Pool  the  rock-side 
on  the  west  slopes  down  at  the  rate  of  1  in  2  to  60  feet  below  the 
level  of  low  water.    Complete  sections  are  not,  however,  available. 

Millbay. 

Before  and  during  the  construction  of  the  Great  Western  Docks 
nine  sections  of  the  rock-bottom  were  made  from  east  to  west 
about  100  feet  apart,  across  what  is  now  the  outer  basin,  one  along 
the  inner  basin  in  nearly  the  same  direction,  and  five  across  it  from 
north  to  south.  The  result  was  to  reveal  a  rock-bottom  in  the  form 
of  a  valley  73  feet  below  the  level  of  low-water  spring-tides  opposite 
the  outer  pier,  gradually  shallowing  to  46  feet  at  the  wall  of  the 
inner  basin,  and  then  bending  round  to  the  east,  towards  the 
entrance  of  the  old  Union  Dock,  where  the  rock-bottom  is  22  feet 
below  the  level  of  low-water  spring- tides.  Inside  what  was  formerly 
MiUbay  the  valley  in  the  rock  was  filled  up  with  silt  to  about  the 
level  of  low-water  spring-tides,  the  depth  of  it  being  from  55  feet 
at  the  outer  end  to  27  feet  near  the  entrance  to  the  Union  Docks. 
In  one  section  red  clay-and-stones,  about  3  feet  thick,  is  recorded 
under  the  silt. 

The  lateral  slopes  of  the  valley  are  in  places  as  steep  as  1  in  1||^ 
and  in  one  section  1  in  1.  The  inclination  of  the  rock-bottom 
in  the  longitudinal  section  is  regular  within  Millbay,  outside 
which  it  falls  more  rapidly  and  soon  joins  the  deep-water  channel 
which  forms  the  entrance  to  Hamoaze.  The  greatest  depth  between 
Millbay  and  Drake  Island  is  108  feet  below  the  level  of  low-water 
spring-tides,  with  a  rock-bottom ;  but  not  fax  off,  opposite  East'Om 
King  Point,  there  is  a  sounding  of  138  feet,  and  there  is  a  deeper 
place  outside  the  entrance  to  Hamoaze.  Across  the  entrance,, 
between  Devil's  Point  and  Wilderness  Point,  the  width  from  shore 
to  shore  is  only  370  yards,  but  the  depth  is  120  feet  below  the  level 
of  low  water,  and  the  rock-bottom  on  the  western  side  slopes  at 
1  in  2.  The  rock  on  each  side,  and  presumably  at  the  bottom  of 
the  channel,  is  Devonian  Limestone.  Within  the  entrance,  where 
Hamoaze  widens  out,  the  shores  are  of  Devonian  shale. 

^  Trans.  Plymouth  Inst,  and  Devon  &  Gomw.  Nat.  Hist  Soc  vol.  xi  (1890-91) 
p.  66. 
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Hamoaze. 

Inside  Devil's  Point,  on  the  Devon  side  of  Hamoaze,  is  Stone- 
house  Pool,  continued  in  a  narrow  creek  for  a  mile  inland,  in 
which  there  is  a  considerahle  depth  of  mud,  hut  ahout  which  informa- 
tion is  wanting  except  at  the  inner  end,  where  the  creek  is  crossed 
by  the  Cornwall  Railway.  There,  at  1^  mile  from  the  mouth,  occurs 
5  feet  of  silt  over  a  rock-bottom  9  feet  above  low-water  level. 

Passing  up  the  eastern  side  of  Hamoaze,  we  next  come  to  Eeyham 
Lake,  the  rock-bottom  of  which  was  proved  by  horings  through  silt. 
The  greatest  depth  to  the  rock  reached  was  25  feet  below  the  level  of 
low  water,  at  nearly  j|  mile  from  the  mouth  of  the  creek. 

The  piles  of  the  railway-viaduct  across  Weston  Mill  Creek  showed 
the  rock-bottom  to  be  a  valley  with  sides  sloping  at  the  same  inclina- 
tion as  above  the  sea-level,  namely,  1  in  6  to  1  in  4^,  and  with  the 
bottom  66  feet  below  the  level  of  low  water  in  the  creek,  or  60  feet 
below  that  of  low-water  spring-tides  in  Hamoaze,  where  the  deepest 
sounding  opposite  the  creek  is  72  feet  below  the  level  of  low  water. 
The  mud  is  72  feet  deep  at  the  deepest  place  on  the  section. 

At  the  crossing  of  Tamerton  Lake  by  the  South-Westem  Railway 
the  rock-bottom  was  traced  only  to  a  depth  of  15  feet  below  the 
level  of  low  water,  where  it  was  shelving  downwards,  the  deepest 
part  of  the  rock- valley  being  north  of  the  bridge. 

The  cylinder-foundations  of  the  viaduct  across  the  Tavy  gave  a 
•complete  section  of  the  rock-valley  of  that  river  (fig.  10).     From  the 

Fig.  10. 
V.  Blver  Tavy  ' 


[Scales :  Homontal,  400  feet=l  inch  ;  vertical,  100  feet=l  inch.] 

south  the  bottom  slopes  downward  gradually  to  a  depth  of  68  feet 
below  the  level  of  low  water,  and  then  rises  abruptly  at  a  slope  of 
1  in  1|.  In  every  cylinder  the  rock  (Devonian  shale)  was  found  to 
be  covered  with  a  deposit  described  as  '  stiff  yellow  clay,  including 
small  granite-boulders,'  or  *  granite-boulders  in  hard  yellow  clay,* 
from  2  to  4  feet  in  thickness.  Above  this  hed,  which  thinned  out 
ogainst  the  sides  of  the  valley,  is  sand,  about  68  feet  thick  at  the 
deepest  part,  and  reaching  8  or  10  feet  above  low- water  level  on 
the  north  side.* 

^  The  particulars  of  this  section  were  kindly  supplied  to  me  by  Mr.  B.  H. 
Worth,  who  published  it,  and  eections  of  some  of  the  creeks  round  Plymoutht 
in  Trans.  Plymouth  Inst  1800-9J. 
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About  1|  mile  south  of  the  confluence  of  the  Tavy  with  the 
Tamar^  the  latter  river  is  crossed  by  Saltash  Bridge.  Boriogs 
made  about  1855,  prior  to  the  oommencement  of  the  bridge,  proved 
the  rook-bottom  on  the  Devon  side  near  high-water  mark  to  be 
13  feet  below  the  level  of  low  water,  beneath  28  feet  of  silt  with 
slate  and  stones.  The  rock  was  foUowed  for  360  feet  into  the 
river  to  a  depth  of  30  feet  below  the  level  of  low- water  spring- 
tides, when  it  slopes  downward  at  1  in  5.  At  low-water  mark, 
where  the  eastern  pier  of  the  bridge  stands,  there  is  18  feet  of  blue 
silt  and  small  slate,  with  large  stones  occasionally,  and  farther  out 
in  the  river  the  rock-bottom  is  covered  by  3  feet  of  blue  silt  with 
fragments  of  shells. 

About  the  site  of  the  central  pier  the  bed  of  the  river  was 
examined  by  175  borings  made  inside  a  6-foot  cylinder  sunk 
into  the  mud  at  35  different  places.  Where  the  central  pier 
stands  a  cylinder  37  feet  in  diameter  was  sunk  to  the  rock, 
which  was  ultimately  laid  dry.  The  rock-bottom  was  found  to 
be  irr^ular,  but  witJi  a  general  slope  of  1  in  6  to  the  Cornish 
side,  in  which  direction  it  was  traced  to  a  depth  of  76  feet  below 
the  level  of  low-water  spring-tides,  sloping  westward  at  2|  to  1, 
with  24  feet  of  mud  and  silt  over  it.  Immediately  over  the  rock 
yellow  clay  and  gravel,  gravel  and  stones,  and  large  stones  are 
recorded.  Oyster-shells  in  considerable  numbers  were  found  in  the 
blue  mud  and  silt  excavated  from  the  37- foot  cylinder. 

On  the  Cornish  shore  the  rock-bottom  was  found  by  divers 
to  fall  steeply  towards  the  middle  of  the  river,  and,  judging  by 
the  slope  on  that  side,  the  greatest  depth  to  the  rode  may  be 
more  than  the  76  feet  to  which  it  was  traced.  The  rock  at 
the  central  pier  was  a  trap  or  greenstone,  so  hard  that  tools  could 
with  difficulty  be  got  to  work  it  A  dyke  of  igneous  rock  in  the 
day-slate  crosses  the  river  on  the  line  of  the  bridge,  and  four  others 
are  shown  on  the  Oeological  Survey  map  across  the  mile  of  narrow 
channel  at  Saltasb,  above  and  bebw  which,  in  the  clay-slate,  the 
Tamar  widens  out  considerably. 

Half  a  mile  from  Saltash  Bridge,  on  the  Cornish  side,  a  timber 
viaduct  crossed  a  short  creek  called  Coombe  Lake  (fig.  11).    The 
rock-bottom    was    proved    to 
reach  35  feet  below  the  level  Yig.  11. 

of  low-water  spring-tides,  the 
sides  sloping  1  in  2  and  1  in 
2|,  corresponding  with  the 
slopes  above  water.  The  via- 
duct has  in  recent  years  been 
reconstructed  in  masonry,  and 
the  pier*foundations  gave  the 
same  section  of  the  rock-bottom,  cfay^ 

but  resting  on  the  rock  was 
found  a  bed  of  stony  clay,  about     [Scales :  HorisontAl,  400  feet=l  inch  ; 
a  foot  thick.     The  upper  2  or  ▼ertiod,  100  feet=l  inoh.] 

3  feet  of  the  rock  (Devonian 
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shale)  was  soft  and  broken  up.  The  infilling  of  silt  is  about 
40  feet  deep. 

Forder  Lake,  a  creek  over  j  mile  long,  is  crossed  by  the  railway 
near  its  mouth.  The  deepest  part  of  the  rock -valley  was  found  to 
be  66  feet  below  the  level  of  low-water  spring-tides,  tbe  sides  sloping 
at  1  in  2  and  1  in  5,  corresponding  with  the  slopes  above  tbe  sea- 
leveL  The  infilling  of  silt  is  70  feet  deep.  The  deepest  sounding 
opposite  the  mou^  of  this  creek  is  22  feet  at  low  water,  with  a 
mud  bottom. 

Wiveliscombe  Lake  furnished  a  similar  section,  reaching  46  feet 
below  the  level  of  low  water,  with  a  depth  of  56  feet  of  silt  and  mud. 

Nottar  Creek  is  tidal  for  2|  miles ;  it  is  crossed  by  a  viaduct  at 
about  ^  mile  from  its  mouth.  The  rock-bottom  was  found  to  reach 
46  feet  below  the  level  of  low-water  spring-tides,  and  the  silt  is 
55  feet  deep. 

At  the  crossing  of  the  St.  Germans  river  the  rock-bottom  was 
proved  to  be  4 1  feet  below  the  level  of  low-water  spring-tides,  with 
about  50  feet  of  silt  over  it. 

Farther  on  in  this  direction  the  railway  crosses  rook-valleys 
above  the  sea-level,  which  have  sections  altogether  similar  to  those 
of  the  valleys  now  partly  below  that  leveL 

The  drainage-area  of  the  Tamar  and  Tavy  above  Saltash  is  about 
450  square  miles,  extending  nearly  to  the  north  coast,  to  Dartmoor 
(1971  feet),  and  to  the  Brown  Willy  range  (1360  feet).  The 
drainage-area  of  the  Plym  and  Torry,  flowing  into  the  Laira,  is 
about  70  square  miles,  rising  to  1600  feet;  that  of  the  Lynher, 
entering  Kottar  Creek,  about  50  square  miles,  rising  to  about 
1300  feet.  The  Tidi,  entering  St.  Germans  river,  drains  only  25 
square  miles,  rising  to  about  900  feet  above  the  sea,  and  the  other 
creeks  are  fed  by  streams  of  quite  insignificant  length,  which 
drain  only  a  few  miles  of  country,  though  they  rise  in  comparatively 
high  ground.  The  streams  running  into  Coombe  Lake  and  Forder 
L^e  flow  from  land  250  to  300  feet  above  the  sea,  that  into 
Weston  Mill  Creek  from  land  300  to  350  feet,  and  those  into 
Stonehouse  Creek  and  MiUbay  from  land  200  feet  above  the  sea. 
It  is  evident  that  neither  in  area  of  cross-section  nor  in  depth  do 
the  rock-valleys  bear  any  proportion  to  the  present  drainage-areas. 

The  deep-water  channel  from  Hamoaze  follows  the  western  shore 
to  opposite  Drake  Island,  and  then  bends  round  to  the  north  of  it, 
passing  by  Eastern  King,  Millbay,  and  the  Hoe  to  the  mouth  of 
Cattewater,  where  it  turns  south.  There  are  soundings  of  20  to  23 
fathoms  along  this  line  to  opposite  Millbay,  and  of  14  to  15  fathoms 
opposite  the  Hoe ;  outside  Uiat,  to  the  Breakwater,  the  Sound  is 
nowhere  deeper  than  9  fathoms,  with  a  bottom  of  blue  day,  which 
probably  covers  a  deeper  channel  in  the  rock.  Outside  the  Break- 
water the  depth  increases  gradually  to  the  10-fathom  line,  which 
lies  I  mile  outside  the  Sound.  Seaward  of  this  the  depth  increases 
more  rapidly  to  14  and  22  fathoms,  but  it  is  quite  1|  mile  outside 
the  Sound  before  a  depth  as  great  as  that  at  the  entrance  to  Hamoazo 
is  reached. 
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Cornwall. 

About  20  miles  west  of  the  Plymoutb  group  of  vaUeys  is  the 
Fowey  estuary,  suggesting  similar  submerged  valleys,  of  which, 
however,  there  is  no  direct  evidence. 

About  7  miles  farther  west  the  construction  of  the  Gover  Viaduct, 
near  St.  Austell,  furnished  a  section  of  the  valley  in  which  the 
Pentuan  stream-tin  works  were  situated.  The  river  rises  near 
Hensborough  Beacon  (1027  feet),  and  has  a  course  of  about  8  miles. 
At  Gover  tiie  rock-bottom  of  the  valley  is  179  feet  above  the  sea, 
and  the  present  bottom  is  39  feet  higher.  The  Pentuan  stream-tin 
works  extended  from  about  3  miles  lower  down  the  valley  to  within 
i  mile  of  the  sea,  a  distance  of  more  than  a  mile.  At  the  upper  end 
of  the  workings  the  rock -bottom  is  above  the  sea-level,  but  near  the 
sea,  according  to  the  section  given  by  W.  J.  Henwood,^  it  is  36  feet 
below  the  level  of  low  water.  The  tin-ground  there  rested  imme- 
diately upon  a  clay-slate  bottom,  and  consisted  mostly  of  rounded 
fragments  of  granitic  rocks  from  the  hills  above  St.  Austell,  with 
angular  fragments  of  greenstone  and  clay-slate.  J.  W.  Colenso  ^ 
states  that  the  tin-ground  was  distinguished  by  the  streamers  as 
'  loose  ground,'  consisting  of  sand,  pebbles,  and  stones,  and  *  tough 
ground,'  in  which  the  whole  was  cemented  together  by  yellow  day, 
so  as  to  render  it  difficidt  to  separate  and  wash.  The  same  writer 
notices  that  the  rock  beneath  appeared  to  be  worn  by  friction,  but 
not  that  under  the  '  tough  ground.'  The  surface  of  the  rock  was 
irregular,  while  the  top  of  the  tin-ground  was  even,  so  that  the 
latter  ranged  in  thickness  from  3  to  6  or  even  10  feet.  Booted  in 
the  tin-gronnd  were  stumps  of  trees,  to  which  oysters  were  attached, 
at  30  feet  below  the  level  of  low  water,  or  48  feet  below  high-water 
spring-tides.  A  bed  of  silt,  with  leaves,  roots,  etc.,  succeeded,  and 
sUt  and  sea-sand  alternated  for  a  thickness  of  about  52  feet  A 
mile  higher  up  the  valley  there  was  no  sea-sand. 

Westward  again  is  Falmouth  estuary,  with  its  numerous  creeks, 
one  of  which,  Restronguet  Creek,  is  the  continuation  of  the  Camon 
Valley,  both  of  which  have  been  extensively  explored  in  the  search 
for  stream-tin.  In  the  middle  of  the  creek,  about  a  mile  from  its 
mouth,  near  Point,  a  shaft  was  sunk  through  iron  cylinders  to  the 
rock-bottom  of  clay-slate  at  64  feet  below  the  level  of  low  water.' 
The  tin-ground,  according  to  the  irregularities  in  the  surface  of  the 
rock,  was  from  6  inches  to  6  feet  thick,  and  over  it  lay  63  feet  of 
silt  and  mud,  with  oysters  and  cockles.  About  |  mile  higher  up  the 
creek,  at  Narabo  Inlet,  is  the  section  described  by  W.  J.  Henwood,^ 
where  the  rock-bottom  was  56  feet  below  the  level  of  low  water, 
and  the  tin-ground  was  immediately  overlain  by  a  bed  of  wood, 
moss,  leaves,  nuts,  etc.,  44  feet  below  the  level  of  low  water,  con- 
taining a  few  oyster-shells  and  animal  remains,  including  human 

^  Joarn.  B.  Inst  Oomwall,  toL  iv  (1873)  pp.  243, 254. 
*  Tram.  B.  Gieol.  Soc.  Cornw.  toL  it  (1832)  p.  30. 


»  Joaru.  R.  Init  Cornw.  toL  iv  (1873)  p.  204. 
^  Tmns.  R.  Qeol.  Soc  Oomw.  voL  iv  (1832)  p.  68. 
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akullB.  The  tin-groand  consiBted  of  rounded  masses  of  tm-ore, 
sometimes  nnmixed  with  any  other  material,  and  rounded  fragments 
of  slate,  granite,  and  quartz.  In  other  sections  in  this  valley  the 
tin-ground  is  described  as  containing  angular  and  subangular  blocks 
of  graiiite-rocks,  slate,  elvan,  etc,  with  tin-ore  in  large  rounded 
masses,  or  in  the  state  of  gravel  and  sand.  The  upper  surface  of 
the  tin-ground  was  perfectly  even,  falling  seaward  with  the  valley. 

At  a  short  distance  below  Higher  Camon,  about  3  miles  from 
the  mouth  of  the  creek,  a  timber  viaduct  of  the  Falmouth  Railway 
afforded  a  section  of  the  valley.  The  rock-bottom  is  a  few  feet  below 
the  level  of  low  water,  and  is  now  covered  with  24  feet  of  gravel 
and  silt.  Originally  the  tin -ground  in  this  part  of  the  valley  was 
immediately  overlain  by  fiuviatile  deposits  of  recent  age. 

The  streams  flowing  into  the  Caraon  rise  in  the  Gwennap  and 
Stithian  Hills,  from  4  to  7  miles  off,  and  about  600  or  700  feet  above 
the  sea,  the  former  hills  being  of  clay-slate  and  the  latter  of  granite* 
The  Falmouth  estuarj,  opposite  Restronguet  Creek,  is  72  feet  deep, 
with  a  sand-  or  gravel-bottom.  It  deepens  seaward  to  114  feet  at 
the  narrow  entrance,  outside  which  the  bay  is  shallower,  and  the 
depth  is  not  so  great  as  that  of  the  rook-bottom  in  Restronguet 
Creek  for  a  mile  out. 

Close  to  Penryn  the  crossing  of  a  creek  furnished  a  section  of  a 
regularly-shaped  rock-valley,  24  feet  below  the  level  of  low  water, 
fiUed  up  to  that  level  with  silt. 

III.    GeNEBAL  GBSEBVAIIOirS* 

About  as  far  north  of  Milford  Haven  as  Plymouth  and  Falmouth 
are  to  the  south  of  it  is  the  old  rock-valley  of  the  Mersey,  filled 
in  with  Boulder  Clay  and  Glacial  deposits,  to  which  Mr.  Mellard 
Reade  *  first  called  attention,  and  which  has  since  been  traversed  by 
the  Mersey  Tunnel  and  the  Yymwy  Aqueduct. 

On  the  western  coast  of  Wales  the  valleys  opening  into  Caerdigan 
Bay  are  striated  by  land-ice,  and  near  Barmouth,  where,  as  already 
mentioned,  the  rock-bottom  of  the  Mawddach  Valley  has  been 
traced  to  40  feet  below  the  level  of  low-water,  striated  rocks  are 
exposed  at  low  tide.  8ir  A.  Ramsay  long  ago  pointed  out  that 
there  are  well-marked  glacial  striations  on  the  rocks  of  the  coast  of 
Pembrokeshire,  and  that  Boulder  Clay  with  ice-scratched  stones  is 
common  there,  and  occurs  here  and  there  a]l  over  South  Wales. 
Prof.  David  has  described  in  detail  the  evidences  of  glacialion  in  South 
Brecknockshire  and  East  Glamorgan.^  Ho  has  shown  that  Boulder 
day  containing  rocks  from  the  Brecknockshire  mountains  occurs 
in  iho  Taff  Valley  down  as  far  as  Treforest,  and  also  in  the  Ely 
Valley  as  far  south  as  St.  Pagan's  and  St.  George's,  near  Cardiff, 
where  it  is  about  20  feet  above  sea-level.  He  observed  an  extensive 
striated  surface  of  Coal  Measure  sandstone  under  the  Boulder  day 

»  Proc.  Geol.  Soc.  Liverp.  1873,  p.  42. 

•-'  Quart.  Journ.  Geol.  Soc.  toI.  xxiix  (1883)  p.  39. 
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near  Treforeet,  and  a  striated  surface  under  Boulder  Clay  12  to  15 
feet  thick  at  the  western  end  of  the  tunnel  at  Pen-cae-draen,  between 
Hirwain  and  Glyn  Neath,  in  the  Neath  Valley,  the  striations  being 
in  the  general  direction  of  the  valley,  though  400  feet  above  the  river. 
This  was  as  far  as  Prof.  David  followed  the  evidences  of  glaciation  in 
that  direction,  but  there  is  a  similar  deposit  lying  on  a  planed  surface 
of  Coal  Measure  sandstone  at  a  corresponding  level  2  miles  lower  down 
the  valley,  where  the  railway  cuts  into  the  eastern  side  near  Hendre 
Wyddel,  and  Boulder  Clay  and  erratic  blocks  are  to  be  found  all 
down  the  valley. 

The  section  of  Boulder  Clay  near  Cwrt  Sart  has  been  noticed. 
It  is  about  as  far  from  the  Brecknockshire  mountains  as  the  Boulder 
Clay  near  Treforest,  and  10  miles  farther  north  than  the  Boulder 
Clay  at  a  corresponding  level  at  St.  Fagan's.  It  would  seem  that 
the  Boulder  Clay  which,  in  the  upper  part  of  the  Neath  Valley,  Prof. 
David  considereid  to  be  the  product  of  land-ice  descending  from  the 
Brecknockshire  mountains,  extends  down  to  the  mouth  of  the  river, 
where  it  now  lies  far  below  sea-level,  and  it  would  appear  that  the 
Neath  and  Tawe  valleys,  like  the  Mersey  Valley,  are  partly  filled 
with  glacial  deposits.  To  what  extent  the  scooping  out  of  the  valleys 
may  be  attributed  to  glacial  action  is  difficult  to  say. 

I  am  not  aware  of  any  Boulder  Clay  in  the  valleys  connected  with 
Milford  Haven ;  but,  with  the  evidences  of  glacial  action  in  the  neigh- 
bourhood, it  appears  reasonable  to  attribute  to  land-ice  from  the 
Prescelly  Hilb  a  share  in  the  excavation  and  the  moulding  of  the 
rock-valleys  now  submerged  in  Neyland  and  Milford  Pills. 

The  evidences  of  glacial  action  in  South  Devon  and  Cornwall  are 
scanty,  but  not  altogether  absent.^  In  the  Bovey  Heathfield,  lying 
unconformably  upon  the  Miocene  beds,  is  a  deposit  of  sandy  clay, 
with  a  large  admixture  of  angular  and  subangular  stones  varying  in 
size  from  that  of  a  hazel-nut  to  blocks  of  a  foot  in  diameter,  which 
has  most  of  the  characteristics  of  Boulder  Clay,  and  in  a  clay  resting 
upon  it  the  dwarf  Arctic  birch  and  willow  were  found.  Erratic 
blocks  and  scratched  stones  have  been  observed  in  various  places  in 
South  Devon  :  Pengelly  described  blocks  of  white  opaque  quartzite,'' 
some  *as  large  as  10  x  3|  x  3  feet  and  lOi  x  5^  X  3  feet,  which  are 
found  resting  on  Devonian  shale,  or  sometimes  *  in  a  heterogeneous 
accumulation  of  clay  and  stones  '^  in  the  neighbourhood  of  Tamerton 
Foliot,  and  which  he  calls  *  whitakers.'  That,  however,  is  a  local 
name  for  a  white  spar,  and  is  not  the  name  of  any  particular  blocks ; 
erratics  of  the  same  material,  and  also  of  Dartmoor  granite,  strew 
all  the  neighbourhood  down  to  the  level  of  the  river  Tavy.  Many 
are  built  into  fences,  while  many  remain  in  the  soil.  The  blocks 
described  by  PengeUy  are  probably  those  near  Blaxton  Farm.  One 
group  is  on  the  water-parting  between  two  valleys  tributary  to  the 
Tavy,  and  about  400  feet  above  the  sea.     Another  group  is  on  the 

»  W.  Pengelly,  Trans.  Devon.  Assoc  vol.  xr  (1883)  p.  369. 
»  Ibid.  T0&.  Yii,  ix.  xii  (1876-77-80). 
5  iJfd.  vol.  xii  (1880)  p.  311. 

a  J.  G.  8.  No.  215.  X 
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flank  of  the  more  Bouthern  valley,  about  100  feet  lower.  Yet 
another  group  of  large  blocks  is  passed  through  by  the  railway  near 
Gawton,  between  Beer  Alston  Station  and  the  tunnel,  about  4  miles 
higher  up  the  valley.  They  lie  near  the  water-parting  between  the 
Tavy  and  the  Tamar,  which  are  there  not  much  more  than  a  mile 
apart,  at  about  400  feet  above  the  sea.  Other  blocks  strew  the 
slope  of  the  Tamar  Valley. 

In  the  bottom  of  the  Tamar  Valley  at  Rumleigh,  about  a  mile  above 
Oalstock,  is  a  Boulder  Clay  deposit  worked  for  brickmaking.  The 
upper  4  to  6  feet,  reaching  to  10  or  12  feet  above  high  water  in  the 
river,  is  lighter  in  colour  and  less  clayey  than  the  lower,  which  is 
visible  to  a  depth  of  20  feet.  The  matrix  is  a  mixture  of  clay  and 
small  stones,  and  contains  angular  slate,  rounded  boulders  of  granite, 
white  opaque  quart dte,  and  a  hard,  dark,  jasper-like  rock  with 
brown  veins.  A  block  of  granite  with  large  felspars,  subangular, 
but  smoothed,  measured  2x2x2  feet,  and  many  oUier  boulders 
nearly  or  quite  as  big  remain  in  the  bottom  of  the  pit. 

It  would  be  interesting  to  trace  the  origin  of  these  boulders  to 
the  high  ground  drained  by  the  present  river,  but  it  is  more  to  the 
present  purpose  to  lay  stress  upon  the  marked  glacial  character  of 
the  deposits.  Mr.  B.  H.  Worth,  who  brought  l^is  and  the  similar 
deposit  near  Weir  Head  to  my  notice,  assured  me  that  what  was 
called  '  stiff  yellow  day  with  granite-boulders '  and  *  granite-boulders 
in  hard  yellow  day'  found  in  the  cylinders  of  the  Tavy  bridge- 
foundations  corresponded  in  all  respects  with  these  deposits. 
There  appear  thus  to  be  here,  as  in  South  Wales,  glacial  deposits  in 
rock-valleys  now  below  the  sea-levd,  the  valleys  of  oourse  being 
older  than  the  deposits  laid  down  in  them.  In  this  connexion  the 
observation  of  Golenso,  that  the  rock-bottom  under  the  stream-tin 
deposit  at  Pentuan  appeared  to  be  worn  by  friction,  made  some 
years  before  Agassix  drew  attention  to  glacial  action  in  this  conntiyy 
is  interesting. 

It  is  difficult  to  suppose  that  the  rock-valleys  now  many  feet  bdow 
the  levd  of  low  water  were  scooped  out,  by  whatever  cause,  or  moulded 
by  land-ice  at  that  level.  If  those  in  South  Wales  were  to  be 
raised  above  the  sea-level,  the  sea-bed,  as  far  out  as  the  10-fathom 
line,  would  be  laid  dry.  This  would  indude  all  Milford  Haven 
except  a  few  narrow  pools,  all  Caermarthen  Bay  inside  Caldy  and 
Worm's  Head,  all  Swansea  Bay,  and  all  the  Bristol  Channd  to  the  east 
of  Barry,  except  a  narrow  channel  extending  up  to  the  Flat  Holme, 
and  a  few  pools  higher  up.  The  sections  which  have  been  described 
would  thus  be  far  fh)m  the  sea,  and  it  may  be  reasonably  supposed 
that  the  valleys  would  have  been  considerably  above  it.  An  elevation 
of  20  fathoms  would  lay  dry  all  the  Bristol  Channd  east  of  Swansea 
and  Hf racombe,  and  leave  the  mouth  of  Milford  Haven  more  than 
a  mile  from  the  sea. 

To  raise  the  rock-vaUey  of  the  Dart  at  Maypool  above  the  sea, 
everything  out  to  the  20-fathom  line  must  be  laid  dry.  lliis  line 
passes  l^mile  outside  the  mouth  of  the  Dart,  1  to  2  miles  outside 
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Torbay,  and  14  miles  from  the  shore  in  West  Bay  between  the  Eze 
and  Portland.  About  the  same  elevation  of  the  land  would  be 
necessary  to  raise  the  bottom  of  the  rock-valley  at  the  entrance  to 
Hamoaze  to  low-water  level ;  though,  as  its  bed  now  lies,  much  less 
would  lay  all  Plymoudi  Sound  d^.  The  10-fathom  line  on  the 
chart  is  weU  outside  the  Sound,  and  the  20-fathom  line  only  |  to  1| 
mile  farther  out. 

An  elevation  of  the  land  to  the  extent  of  120  feet  during  the 
Glacial  Period  is  a  very  moderate  supposition.  It  was  probably  much 
more.  Whatever  it  was  in  the  areas  under  notice,  there  must  have 
occurred  subsequently  the  depression  riBquired  to  bring  the  raised 
beaches  down  to  the  sea-level,  after  that  the  elevation  necessary  for 
the  growth  of  peat  and  forests  now  far  below  the  level  of  the  sea, 
and  then  the  depression  of  the  land  to  its  present  level. 

To  the  last  period  of  the  long  duration  of  time  covered  by  these 
and  other  movements  the  greater  part  of  the  deposits  now  filling  up 
the  submerged  valleys  appears  to  belong.  In  the  South  Wales 
sections  the  upper  part  of  the  silt  is  quite  recent,  being  the  Scrobi" 
ctdaria-ci&y  common  in  the  Bristol  Channel.  Beneath  this,  in  the 
Chepstow  cylinders  the  clay,  silt,  and  sand  containing  stalks  of  plants, 
nuts,  leaves,  and  timber  extend  downward  to  the  red  gravdi  with 
boulders,  and  in  one  cylinder  oak-timber  was  found  in  the  gravel 
dose  to  the  rock-bottom.  In  the  cutting  east  of  the  Severn  Tunnel, 
the  silt  with  peat-beds  extends  down  to  the  sand  over  the  gravel- 
with-boulders.  In  many  sections  on  the  borders  of  the  Bristol 
Channel  gravel  is  found  beneath  the  silt  with  peat,  tlie  division  be- 
tween them  being  marked. 

The  submerged  rock-valleys  around  Plymouth  are  filled  in  with 
recent  marine  deposits.  There  are  beds  of  oysters  in  the  sand 
of  the  Laira  section,  and  many  oyster-shells  and  fragments  of 
other  shells  were  found  in  the  Saltash  cylinders.  A  marine  deposit 
appears  to  extend  down  to  the  day-with-stones  in  the  Tavy  and 
the  Coombe  Lake  sections,  and  down  to  the  rock  at  Saltash,  except 
where  patches  of  yellow  day,  gravel,  and  stones  were  found  on  the 
rock. 

In  the  stream-tin  sections  in  Cornwall,  the  deposits  down  to  the 
'  tin-ground '  are  also  of  recent  date.  At  Pentuan  oak-trees  were 
found  rooted  in  the  tin-ground.  Peat  immediatdy  cverlies  the  tin- 
ground  at  Sandycock  and  Poth  in  the  neighbouring  valley,  under 
36  feet  of  recent  marine  and  fluviatile  deposits.  In  Bestronguet 
Creek  horns  and  bdnes  of  deer  were  found  in  the  silt  over  the  tin- 
ground,  and  at  Narabo  Inlet  human  skulls  were  found  in  the  bed 
immediatdy  over  the  tin-ground.  In  these  sections  there  is  an 
alternation  of  marine  and  freshwater  depodts.  Higher  up  the 
valleys  where  the  marine  depodts  do  not  extend,  the  contents  show 
that  the  beds  down  to  the  tin-ground  are  of  quite  recent  date.  In 
the  tin-ground  itself  no  organic  remains  have  been  discovered. 

It  thus  appears  that  the  upper  portions  of  the  depodts  filling  in 
the  submerged  rock-vdleys  down  to  the  gravd-with-boulders  in 
the  Bristol  Channel,  to  the  day-with-boulders  near  Plymouth,  and 
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to  the  tm-groond  in  Cornwall  are  no  older  than  the  submerged 
forests. 

For  the  deposits  below  there  remains  all  the  time  back  to  the 
period  of  the  excavation  of  the  valleys,  and  there  is  little  to  show 
to  what  part  of  that  time  the  several  deposits  belong.  The  gravel 
and  large  stones  over  the  Boulder  day  in  the  Neath  section,  some 
of  the  gravel  with  erratic  boulders  in  the  Wye  cylinders,  and  the 
coarse  gravel  with  glaciated  blocks  in  the  cutting  east  of  the  Severn 
Tunnel  may,  I  think,  be  referred  to  the  latter  part  of  the  Glacial 
Period.  The  same  may  be,  said  perhaps  of  the  clayey  gp^avel  and 
stones  overlying  the  rock-bottom  of  the  Severn  at  the  bridge,  though 
if  so  the  gravel  overlying  the  peat  in  one  pair  of  cylinders  must  be 
newer  than  the  rest. 

The  clay  and  stones,  day  and  gravel,  large  stones  and  boulders 
found  overlying  the  rock-bottom  in  the  Dart,  at  Millbay  and  at 
Saltash,  are  probably  of  Glacial  age,  but  they  have  been  too  little 
seen  for  anything  to  be  said  with  confidence.  Further  information 
may  show,  as  at  Coombe  Lake  and  in  the  Tavy  section,  that  they 
are  part  of  a  continuous  layer  of  *  boulder-day '  over  the  rock. 

The  stream-tin  gravels  of  Pentuan  and  Camon  are  considered  by 
Mr.  Ussher  ^  to  be  newer  than  the  raised  beaches,  and  that  view  appears 
to  have  been  adopted  by  Sir  J.  Prestwich,  who  included  these  graveb 
among  *  Head '  or  '  Rubble-drift '  deposits."  The  reasons  given  by 
Mr.  Ussher  do  not  seem  to  me  to  be  conclusive.  Stream-tin  detritus, 
or  a  gravel  of,  local  rocks  and  tin-ore  of  all  sizes,  occurs  at  St.  Agnes 
Beacon,  near  the  north  coast,  8  miles  from  Camon,  under  alternating 
sands  and  clays  of  uncertain  age,  but  undoubtedly  far  older 
than  the  raised  beaches.  They  are  300  to  400  feet  above  the  sea, 
they  appear  to  be  unconnected  with  the  present  configuration  of  the 
surface,  and  they  are  overlain  by  '  head '  or-rubble  drift.  De  la 
Beche  considered  that  they  belonged  to  a  class  of  deposits  that  may 
once  have  covered  a  considerable  portion  of  the  district,  and  which 
have  been  since  removed,  with  a  large  mass  of  pre-existing  rocks,  to 
form  the  surface  as  we  now  see  it.  They  are  classed  by  him  as 
Tertiary,  and  by  Mr.  Ussher  as  ranging  from  Tertiary  to  early 
Pleistocene  times.^  Considering  the  small  proportion  that  the  tin- 
stone bears  to  the  containing  rock,  the  degradation  of  the  latter 
necessary  to  produce  stream-tin  detritus  must  have  been  very  great, 
and  it  is  not  surprising  that  it  began  so  far  back ;  but  the  existence 
of  these  old  stream-tin  gravels  appears  to  nullify^  the  conclusion  that, 
because  stream-tin  detritus  is  not  found  in  the  raised  beaches,  it  is 
therefore  more  modem  than  they.  The  older  gravels  must  have 
famished  part  of  the  materials  for  the  stream-tin  gravels  of  the 
existing  valleys,  and  that  would  account  for  the  mixture  of  rounded 

^  *  The  Post-TertiarT  Geology  of  Cornwall/  1879,  p.  45. 

•  Quart.  Joum.  Geol.  Soc.  vol.  xlviu  (1892)  p.  342. 

'  See  also  J.  Hawkins,  Trans.  Boy.  Geol.  Soo.  Cornwall,  voL  iv  (1832)  p.  137 ; 
De  la  Seche,  *  Beport  on  the  Geology  of  Cornwall,  Devon,  &  West  Somerset,' 
1839,  p.  259;  and  Ussher,  'The  Post-Tertiary  Geology  of  Cornwall,'  1879, 
pp.  12-39. 
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and  angular  forms  in  the  tin-groimd ;  for  the  difference  which  has 
heen  observed  between  the  tinstone  in  the  tin-ground  and  that  in  the 
local  mineral  veins  ;  and  for  the  absence  of  other  ores  in  the  former 
which  are  abundant  in  the  latter — difficulties  which  have  always 
been  recognized  in  speculations  on  the  origin  of  stream-tin. 

Having  regard  to  the  resemblance  which  the  '  tough  ground '  at 
Pentuan  as  described  by  Coleuso  bears  to  the  clay-with-boulders  in 
precisely  similar  positions  at  the  bottom  of  some  of  the  valleys  round 
Plymouth,  and  to  the  considerations  set  forth  above,  I  am  disposed 
to  think  that  the  stream-tin  gravels  are  rather  of  Glacial  age  than 
that  they  are  more  recent  than  the  raised  beaches. 

It  will  be  noticed  that  the  most  easterly  valley  in  the  English 
Channel  which  has  been  described  is  that  of  the  Dart^  and  unfortu- 
nately there  is  no  information  about  the  rock-bottoms  of  the 
rivers  farther  up  the  Channel.  The  foundations  of  the  long  bridge 
over  the  Teign  near  Teignmouth  might  afford  an  interesting  section, 
but  there  are  no  records  of  them,  and  of  the  Exe  nothing  is  known. 

Farther  eastward,  beyond  the  shallow  West  Bay,  are  the  valleys 
which  were  once  tributaries  of  the  old  Solent,  and  the  Thames  Valley. 
Whatever  may  be  the  age  of  the  gravels  bordering  the  former  valleys 
at  high  levels,  they  are  certainly  in  part  post-Glacial,  and  since  they 
were  spread  out  the  rivers  have  scooped  out  wide  and  deep  vaUeys. 
In  the  Thames  Valley  the  Boulder  Clay  is  at  the  lowest  90  to  120 
feet  above  the  sea-level,  and  the  river  must  have  lowered  its  bed  by 
more  than  that  since  the  Boulder  Clay  was  deposited.  It  seems  to 
follow,  therefore,  that  if  the  valleys  which  have  been  under  considera- 
tion are  older  than  the  Boulder  Clay,  they  must  have  existed  long 
before  the  valleys  of  the  Solent  and  the  Thames  were  scooped  out 
to  anything  like  their  present  depth,  and  when  land  perhaps  drained 
by  tributaries  flowing  eastward  to  the  Solent  filled  up  part  of  the 
English  Channel. 

The  difference  in  age,  and  in  the  conditions  under  which  they 
originated,  have  left  their  mark  on  the  natural  features  of  the  two 
sets  of  valleys  ;  but  later,  perhaps  after  the  opening  of  the  Straits  of 
Dover,  the  conditions  seem  to  have  become  more  alike.  Raised 
beaches  and  submerged  forests  appear  all  along  the  coast,  except  in 
the  shallow  West  Bay  between  Portland  and  the  Exe,  and  the  later 
alluvial  deposits  with  peat-beds  are  found  in  all  the  valleys  from 
Milford  Haven  to  the  Thames.  The  relative  position  of  these  later 
deposits  is,  however,  different.  In  the  western  valleys  they  overlie 
the  Glacial  beds,  but  in  the  valleys  of  the  Solent  and  the  Thames 
they  lie  at  a  lower  level  than  the  Glacial  and  post-Glacial  beds  which 
border  the  sides  of  the  valleys.  In  the  Thames  Valley  at  Tilbury 
Docks  peat-beds  were  found  at  50  to  60  feet  below  high-water  level, 
lying  on  gravel  over  the  Chalk,  and  the  chalk-bottom  was  as  much 
as  74  feet  below  that  level,  or  56  feet  below  the  level  of  low  water, 
in  one  place.  This  is,  after  all,  very  little  deeper  than  the  present 
river-bottom  close  by,  and  may  not  be  the  deepest  part  of  the  old 
channel,  but  it  is  160  feet  lower  than  the  Boulder  Clay  at  Horn- 
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churchy  about  6  miles  distant,  the  lowest  Boulder  Clay  hitherto  found 
in  the  Thames  Valley.^ 

The  Boulder  Clay  appears  to  occupy  a  similar  position  in  relation 
to  the  valleys  of  the  Blackwater  and  the  Colne,  and  also  to  the  river- 
Talleys  of  East  Anglia.  Farther  north,  in  the  valley  of  the  Humber, 
the  relation  of  the  Glacial  beds  to  those  of  more  recent  age  ia  the 
same  as  in  the  western  valleys  which  have  been  described.  The 
chalk-bottom  at  Hull '  is  as  much  as  87  feet  below  the  level  of  low 
water,  and  on  it  lie  60  or  60  feet  of  Glacial  beds — Purple  Clay,  Hessle 
Sand,  and  Hessle  Clay — upon  which  is  a  peat-bed  with  trees  rooted 
in  the  Hessle  Clay,  as  much  as  17  feet  below  the  level  of  low 
water.  Above  the  peat  is  silt  with  Scrobictdaria^  in  some  places 
30  feet  thick.  Still  farther  north,  the  Esk  at  Whitby,  the  Tees,  and 
the  Tyne  flow  in  pre-Glacial  valleys,  of  which  the  rock-bottoms  are 
many  feet  below  the  level  of  low  water,  and  which  contain  Glacial 
beds,  peat,  and  silt  in  the  same  succession. 

The  resemblance  between  these  northern  valleys  and  those  to 

which  this  paper  relates,  and  the  difference  between  both  these 

groups  and  the  valleys  nearer  to  the  former  land-connexion  with 

the  Continent,  are  not,  perhaps,  without  significance.    It  is,  however, 

a  matter  beyond  the  scope  of  this  paper,  in  which  my  object  has 

been  to  show  that  over  a  large  extent  of  coast  in  South  Wales, 

f  South  Devon,  and  Cornwall  there  are  valleys  excavated  in  rocks  of 

I    different  kinds,  the  bottoms  of  which  are  now  as  much  as  80  and 

\    110  feet  below  the  level  of  low  water,  which  are  partly  filled  with 

\   deposits  not  older  than  the  submerged  forests,  beneath  which  de- 

posits  of  Boulder  Clay  and  other  Glacial  beds  are  found  overlying 

'  the  rock-bottom ;  and  that  consequently  these  valleys  must  have 

been  excavated  to  their  present  depth  before  the  Glacial  Period, 

and  before  the  rivers  in  the  eastern  part  of  the  English  Channel, 

tributaries  to  the  old  Solent  and  the  river  Thames,  had  cut  through 

the  Glacial  deposits  which  border  on  their  valleys  at  high  levels. 

Discussion. 

Mr.  Stbahan  wished  to  add  his  expression  of  welcome  to  the 
Author  after  a  long  absence.  The  description  given  of  valleys  filled 
with  mud  to  so  great  a  depth  below  sea-level  emphasized  the  fact 
that  the  land  must  have  stood  at  a  considerably  higher  level  in  com- 
paratively recent  times,  not  only  in  South  Wales,  but  all  round  our 
coasts.  In  most  cases  the  tide  had  repeatedly  scoured  out  and 
redeposited  the  muds  and  silts ;  but  in  the  almost  land-locked  area 
of  Barry  Dock,  which  he  (the  speaker)  had  recently  described,  the 
sequence  of  deposits  had  been  preserved,  and  more  than  one  land- 
su^ace  remained  intact,  the  lowest,  with  land-shells  and  tree-stools 
in  place,  proving  a  subsidence  of  about  60  feet.  There,  moreover, 
proof  had  been  obtained  that  the  change  of  level  had  taken  place 

^  See  T.  y.  Holmes,  Quart  Journ.  Geol.  Soc.  vol.  xlyiii  (1892)  p.  365. 
•  J.  0.  Hawkahaw,  Proc.  Inst  C.B.  ▼ol.  xli  (1876)  p.  83 ;  Wood  &  Eome, 
Quart  Joum.  Ghol  Soc.  toL  xxiv  (1868)  p.  182. 
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during  and  after  Neolithic  times.  While  not  disputing  the  identifi- 
cation, he  wished  to  know  on  what  evidence  some  of  the  deposits  had 
been  classed  as  Glacial,  and  what  was  the  distinction  between  them 
and  the  '  stony  clay '  referred  to  in  other  valleys.  In  the  estuary  of 
the  Dee  there  occurred  a  layer  of  great  boulders  at  the  base  of  the 
alluvial  deposits ;  these  had  no  doubt  been  washed  out  of  a  Boulder 
Clay,  but  did  not  themselves  constitute  a  Glacial  deposit. 

Mr.  C.  E.  DB  Kance  spoke  of  the  great  value  of  such  a  record  of 
observed  facts  as  that  given  by  the  Author  in  his  paper.  It 
mattered  little  whether  true  Glacial  deposits  had  been  discovered  or 
not  in  these  submerged  valleys  in  South  Wales  and  the  South-west 
of  England,  as  there  could  be  no  doubt  that  these  valleys  were 
excavated  by  rain  and  rivers  before  the  Glacial  episode.  Similar 
valleys  in  North  Wales,  Cheshire,  and  Lancashire  occur  at  depths 
of  nearly  200  feet  below  the  mean  tide-level,  and  are  filled  up 
to  the  existiDg  height  with  undoubted  Glacial  deposits,  through 
which  post-Glacial  valleys  have  been  excavated  1^  mile  wide  and 
180  feet  deep,  at  the  bottom  of  which  occurs  the  modern  alluvium, 
consisting  of  silt,  peat,  and  heavy  gravel.  The  peat  is  connected 
with  the  thick  peat  of  West  Ltmcashire  and  Cheshire,  which 
descends  to  a  level  of  at  least  70  feet  below  mean  tide.  On  its  surface 
is  Scrobicularia-ci&y,  in  which  Roman  coins  occur  just  below  high- 
water  mark  at  Fleetwood :  so  that  the  post-Glacial  subsidence  is 
older  than  the  Roman  epoch.  He  connected  the  massive  gravel 
with  the  stream-tin  deposits  of  the  South-west,  which  he  considers 
to  be  of  post-Glacial  age.  The  facts  given  by  the  Author,  correlated 
with  the  observations  made  farther  west,  point  to  a  common 
cause. 

Dr.  Hicks  agreed  with  the  Author  that  the  valleys  in  South  Wales 
referred  to  were  of  pre-Glacial  age  and  had  originally  been  filled  with 
Glacial  deposits.  These,  and  others  which  the  speaker  had  examined 
on  the  Welsh  coast,  still  contained  Glacial  deposits  in  the  parts 
beyond  the  reach  of  tidal  erosion.  The  varying  depths  at  which  the 
rock-bottom  had  been  reached  were  partly  due  to  more  rapid  marine 
encroachment  in  some  areas  than  others. 

Prof.  Seelby  regarded  these  valleys  as  evidences  of  upheaval  of 
the  country,  and  of  its  excavation  by  subaerial  denuding  agents 
during  the  Miocene  or  Pliocene  period.  Deep  and  narrow  valleys  in 
Cam\)ridgeshire,  especially  the  west,  were  filled  with  Boulder  Clay, 
and  they  had  been  shown  by  well-sinkings  to  descend  much  below 
the  present  sea-level ;  so  that  the  elevation,  which  affected  a  wide 
area  of  country,  was  pre-Glacial  and  may  have  been  a  conditioQ 
leading  up  to  glaciation.  The  inland  valleys  often  retained  the 
filling  of  Boulder  Clay,  but  those  which  descended  to  the  sea  had 
been  more  or  less  scoured  out,  though  filled  with  a  subsequent 
downwash  of  mud. 

Mr.  A.  E.  Salteb  understood  from  the  paper  that  the  Author  corre- 
lated the  deposits  found  in  these  submerged  valleys  with  the  Glacial 
deposits  of  tiie  Thames  and  Frome  areas  on  the  one  hand,  and  with 
the  stream-tin  deposits  of  Cornwall  on  the  other.     In  the  former 
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cases,  however,  the  Glacial  deposits  are  devoid  of  mammalian 
remains  which  occur  in  the  lower  Pleistocene  gravels  in  various 
localities  of  the  same  area.  On  the  other  hand,  the  stream-tin 
deposits  contain  such  remains,  and  also  give  the  same  evidence  of 
depression  as  do  the  deposits  described  in  the  paper.  For  these 
reasons,  these  deposits  appeared  to  him  to  be  post-Glacial. 

Mr.  J.  £.  Clark  called  attention  to  two  important  points  which 
the  paper  seemed  to  establish.  The  submergence  in  the  8outh-west 
exceeded  that  in  the  South-east,  exactly  as  had  been  shown  between 
North-western  and  North-eastern  England,  and  again  in  Western 
and  Eastern  Scotland.  The  deeply  submerged  peats  and  tree-stools 
indicated,  again  as  in  the  North,  that  the  post-Glacial  recovery 
brought  the  land-level  almost  to  normal  pre-Glacial  conditions. 
But  its  brief  duration  was  strikingly  shown  by  the  York  Central 
Plain.  If  the  Glacial  beds  were  stripped  away,  there  would  now  be 
a  vast  inland  sea,  hundreds  of  square  miles  in  extent,  reaching 
beyond  York,  whereas  the  post-Glacial  Ouse  had  only  time  to  cut 
a  narrow,  70  feet  deep,  gorge  through  the  present  site  of  the 
city. 

Mr.  Lamplcgh  commented  on  the  steep  trough-like  character  of 
these  old  valleys  in  every  part  of  the  country,  and  on  the  fact  that 
they  often  occur  within  broad  and  shallow  depressions  of  higher 
antiquity.  They  were  evidently  due  to  an  elevation  of  comparative 
rapidity  and  of  short  duration,  so  that  the  streams  had  never  reached 
their  new  base-level  of  erosion.  Hence  they  did  not  register  the 
full  amount  of  the  elevation. 

Mr.  Clement  Reid  and  Prof.  W.  W.  Watts  also  spoke. 

The  Author,  in  reply,  said  that  the  Boulder  Clay  in  the  Neath 
bridge-foundations  was  no  longer  visible,  but  the  deposits  close  by 
were  still  to  be  seen.  The  contained  rocks  appeared  to  be  from  the 
high  ground  not  far  off.  Most  of  the  points  raised  in  the  discussion 
were  dealt  with  in  the  paper,  for  the  favourable  reception  of  which 
he  thanked  the  Fellows. 
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22.  The  SiBirciirRB  of  the  Datos  Valley.    By  A.  Vauohan  jEmaNGB, 
Esq.,  r.L.S.,  F.G.S.    (Read  January  5th,  1898.) 

[Abridged.] 

Ik  several  of  the  high  Alpine  passes  and  vaUeys  there  are  certain 
Btmctural  features  which  show  that  important  changes  in  the  process 
of  denudation  have  taken  place,  and  that  in  many  cases  there  has 
been  an  alteration  or  complete  reversal  of  the  drainage-system. 

Among  a  considerable  number  of  instances,  that  of  the  Upper 
Engadine  or  source  of  the  Inn  is  perhaps  the  most  familiar. 
Prof.  Heim,^  Prof.  Bonney,^  and  others  have  called  attention  to 
this  area  as  showing  the  way  in  which  the  gorges  of  the  southern 
side  of  the  Alps  are  cut  back  with  far  greater  steepness  than  the 
river-valleys  of  the  northern  slopes.  While  Prof.  Bonney  regards 
the  di£Eerence  as  due  to  the  greater  rainfall  and  more  rapid  current  on 
the  southern  side,  and  the  consequently  greater  erosive  power  of 
the  torrents,  Dr.  Preller^  believes  that  it  is  not  possible  to  account 
for  the  present  condition  of  the  district  without  presupposing  a 
subsidence  on  the  south.  Whichever  view  may  be  held,  however, 
there  is  no  doubt  as  to  the  facts.  It  can  hai>ily  be  disputed  that 
the  Inn  once  took  its  rise  beyond  Maloja,  and  that  the  glaciers  on 
the  south  once  contributed  to  its  formation  streams  now  diverted 
towards  the  Italian  plain.  The  valley  has  in  fact  been  decapitated, 
and  its  feeding-streams  have  been  diverted  into  a  new  and  opposite 
-course. 

The  object  of  the  present  paper  is  to  call  attention  to  the  con- 
-ditions  which  exist  in  the  adjacent  area  of  Davos :  conditions  which 
fire  to  some  extent  parallel,  but,  on  the  other  hand,  are  distinctly 
more  complicated  and  less  easy  of  explanation. 

Though  the  term  *  Davos  Yalley '  is  commonly  used,  it  is  not 
Btrictly  accurate,  or  at  least  conveys  a  wrong  impression  in  sug- 
gesting a  similarity  to  the  structure  of  the  Engadine.  The  district 
is  an  almost  level  area  some  4  miles  in  length ;  and  the  rivers 
which  flow  from  either  end,  a  tributary  of  the  Landquart  on  the 
north  and  the  Landwasser  on  the  south,  ultimately  fedl  into  the 
Rhine  near  Chur.  The  Landwasser  is  fed  by  three  principal  streams 
from  the  east — the  Eluela,  the  Dischma,  and  the  Sertig ;  and  just 
below  the  influx  of  the  latter  it  descends  steeply  towards  Glaris  and 
ihe  great  Ziige  gorge.  It  receives  also  streams  from  the  western 
side,  and  a  very  insignificant  outflow  from  the  deep  lake  which 
occupies  the  northern  fourth  of  the  area.  The  northern  outlet  is 
only  by  the  Lareter  Bach,  descending  from  the  slopes  of  the  Todtalp 
and  dropping  through  a  steep  deft  to  Klosters.     There  is  thus  a 

^  Heim,  Schweis.  Alpenolub,  1879. 

>  Alpine  Journal,  toI.  xiy,  p.  221 ;  Geol.  Mag.  1888,  p.  540. 

»  Geol.  Mag.  1893,  p.  448. 
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▼eiT  marked  difference  between  the  whole  formation  of  the  *  valley '' 
and  that  of  the  Upper  Engadine. 

The  level  area  is  occupied  by  a  river  running  southward,  and  the 
lake  is  a  deep  one,  of  very  different  character  from  the  Silser  and 
Silvaplana  Lakes. 

It  is  possible  that,  as  Prof.  Theobald  held,'  the  Landwasser  once 
had  its  source  on  the  Rhatikon  ridge,  but  was  subsequently  severed 
from  it  by  the  back-cutting  of  the  Landquart.  There  are,  I  believe, 
difficulties  in  the  way  of  accepting  this  theory,  but  I  do  not  propose 
to  discuss  it  at  present,  since  such  changes  belong  to  a  geological 
period  far  more  remote  than  that  in  which  the  Davos  area  acquired 
its  present  characteristics.  There  can  be  little  doubt  that  the 
present  great  valley-systems  were  defined  before  the  glacial  epoch,* 
but  it  seems  that  the  present  features  of  this  district  are  due  to 
causes  operating  during  and  since  that  time.  A  short  description  of 
the  region  will,  it  is  hoped,  make  this  clear. 

A  surrey  of  the  district  divides  itself  naturally  into  three  sec- 
tions : — ^The  central  level,  with  the  lake,  the  upper  Landwasser 
and  its  tributaries;  the  northern  ridge,  forming  the  watershed 
towards  Klosters;  and  the  southern  outlet,  where  the  rushing 
waters  of  the  Landwasser  and  the  Sertig  Bach  have  carved  out  the 
striking  CLivadel-Frauenkirch  terraces. 

The  central  level  is  about  4  miles  long,  reaching  from  tho 
head  of  the  lake  to  the  southern  end  of  Davos  Platz.  Bound  the 
margin  of  the  lake  runs  the  contour-line  of  1560  metres,  and  if  the 
same  line  is  traced  southward  it  will  be  found  at  the  mouth  of 
the  Sertig  Thai  to  lie  along  the  level  of  the  Wildboden.  In  other 
words,  the  flat-topped  terraces  so  conspicuous  opposite  Frauenkirch 
are  on  the  same  level  as  the  surface  of  the  Davoser  See. 

Between  these  two  points  the  river  runs  entirely  on  superficial 
deposits.  There  is  no  spot  between  the  lake  and  Frauenkirch,  or 
indeed  far  south  towards  Glaris,  where  the  two  banks  of  the  river 
are  composed  of  solid  rock  in  situ.  The  whole  extent  of  the  level  is- 
a  mass  of  detritus,  filling  in  a  steep-sided  valley,  in  which  the  real 
rock -floor  is  nowhere  visible.  It  is  true  that  Davos  does  not  stand 
on  an  alluvial  flat  in  the  usual  sense  of  the  term,  owing  to  the 
presence  of  great  talus-fans  on  both  sides ;  but  the  appearance  of 
the  central  area  is  such  that  one  finds  the  unscientific  visitor  quite 
ready  to  believe  in  the  former  extension  of  the  lake.  The  stretch 
of  level  which  produces  this  effect  is  not,  however,  at  the  head  of 
the  lake,  but  on  tho  side  of  the  present  outflow. 

On  the  western  side  several  streams  flowing  from  deep-cut  gorges 
have  poured  their  burden  of  detritus  in  spreading  fans  over  the  foot 
of  the  mountaius.  The  Schiatobel,  between  Davos  Platz  and  Davos 
Dorf,  forms  the  convex  surface  on  which  much  of  the  new  town  is* 

^  '  Naturbilder  d.  Bbat  Alpen ' ;  see  also  Lubbock, '  Scenery  of  Switserland/ 
London,  1896,  p.  456. 

^  The  term  is  used  in  this  paper  merely  to  signify  tbe  latest  time  of  glaoiation* 
of  the  district. 
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Fig.  1. — Map  of  the  Davos  Valley, 
[Scale  1 :  26,000,  or  aboat  ^  inch  =  1  mile.] 


[The  dotted  areas  represent  the  superficial  deposits :  moraine-material  talus- 
fans,  riTer-aocumuiations,  and  alluTium.  Heights  are  expressed  in  metres. 
AA,  BB,  etc.=tran8Ter8e  sections,  for  which  see  fig.  2,  p.  284.] 
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built.  The  Alberdtobel,  south  of  Davos  Platz,  contains  only  a  sxnaU 
stream,  but  one  which  is  powerful  and  even  disastrous  in  floodtime. 
Its  talus-fan  is  of  immense  thickness  and  spreads  right  and  left, 
underljring  the  rounded  hillocks  of  the  Gremsjager  hay-meadows 
and  the  southern  extension  of  the  town.^  Opposite  to  it,  the  rapid 
weathering  of  the  Jacobshorn  has  resulted  in  the  accumulation  of  a 
great  fan  on  the  eastern  slope. 

These  great  deposits  at  the  mouths  of  the  incurrent  valleys,  and 
the  weathering  of  the  slopes  between  them,  have  not  only  disturbed 
the  general  level  of  the  area,  but  add  greatly  to  the  difficulty  of  the 
geologist  in  trying  to  ascertain  the  reaWK>ntour  of  the  soHd  rock. 
It  is  important  to  note  that  the  edges  of  these  talus-fans  are 
abruptly  truncated  by  a  former  river-cutting,  so  that  there  is  a 
series  of  steep  banks,  sometimes  30  feet  in  height,  terminating  the 
detrital  slopes  of  the  Schiatobel,  the  Kajolertobel,  and  others.  Had 
the  Landwasser  occupied  its  present  course  '  while  these  talus-fans 
were  accumulating,  they  would  not  have  assumed  their  actual  form. 
The  sharp  angle  between  their  surface-slope  and  the  steep-cut 
terminal  bank  indicates  some  comparatively  sudden  change  in  the 
drainage-conditions  of  the  district. 

The  main  tributaries  of  the  Landwasser,  as  before  mentioned, 
come  from  the  three  great  valleys  on  the  east: — ^the  Fluela,  the 
Dischma,  and  the  Sertig.  These  have  their  origin  iai  back  on  the 
chain  of  peaks  west  of  the  Engadine,  and  receive  the  waters  from 
the  snow-  and  ice-fields  of  the  8chwarzhom,  the  Piz  Yadret,  the 
Kiihalp,  and  the  Ducan. 

The  Fluela  Bach  drops  through  a  steep  gorge  at  the  foot  of  the 
Seehom  and  then  turns  southward,  receiving,  by  an  insignificant 
stream  winding  through  meadows,  the  discharge  of  the  Davoser  See. 
Where  it  emerges  from  the  mouth  of  the  Fluela  Thai  the  simplest 
engineering  would  divert  the  stream  into  the  lake;  and,  indeed, 
within  the  last  30  years  it  has  been  known  in  fioodtime  to  force  its 
way  thither  across  the  hayfields. 

The  Dischma  Bach  drains  a  wider  valley,  and  finds  its  way  down 
the  middle  of  its  alluvial  triangle  into  the  Landwasser.  It  may  be 
noted  that  while  the  foot  of  the  talus-slop^  of  the  BremenbiLhl 
creeps  out,  tree-clad,  to  the  level,  with  no  sign  of  stream-cutting  at 
its  base,  the  opposite  slope  is  steep  and  bare,  as  if  the  current  had 
formerly  scoured  its  surface. 

Such  being  the  general  character  of  the  Davos  level,  it  becomes 
necessary  to  examine  the  structure  of  the  district  round  and  north 
of  the  lake.  Here  we  find  on  the  east  the  great  rock-waUs  of  the 
Seehom,  the  Hornli,  and  the  Eiicken,  dipping  so  steeply  that  in 

^  Kerr  Pfarrer  Hauri  informs  me  that  the  apper  part  of  this  mass  was 
formed  by  a  great '  slip '  from  the  gorge  above,  dmring  noods,  at  the  end  of  the 
last  century.  The  contour  of  the  older,  slowly-accumulated  fan  can,  however, 
be  easilj  seen  a  short  distance  south  of  the  rulway>station. 

^  In  speaking  of  the  '  present  course '  I  refer  to  the  recent  natural  ooune 
before  the  '  correction '  or  canalization  was  undertaken  some  years  back. 
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plaoes  the  dO-metre  oontour-lines  on  the  map  are  only  |  millimetre 
distant.  The  slopes  of  the  Seehom  dip  straight  into  the  lake ;  those 
of  the  Kiicken  disappear  in  the  Lareter  gorge ;  but  the  steepness 
of  the  Homli  mass  is  suddenly  broken  at  the  Drusatch  Alp,  and 
a  long,  low,  pine-dad  ridge  stretches  from  that  point  transversely 
across  the  Tslley  to  Wolfgang. 

On  the  west  rise  the  livid  green  and  purple  wastes  of  the  Todtalp, 
a  great  mass  of  intrusive  serpentine  which  justifies  its  name  by  the 
weird  colouring  of  its  weathered  slopes  and  the  terrible  sterility  of 
its  upper  plateaux.  Its  eastern  face  is  scored  by  hundreds  of  deep^ 
cut  trenches,  and  the  vast  talus  at  its  foot  spreads  fan-like  down- 
ward, overlapping  the  end  of  the  Drusatch-Wolfgang  ridge. 

Most  of  the  streams  which  are  so  rapidly  denuding  it  combine 
with  the  Stutzbach  to  form  the  Lareter  Bach  and  thus  discharge 
to  the  north.  This  is  not  the  case  with  the  southernmost,  the 
Todtalp  Bach  itself:  rising  far  back  under  the  Mittelgrat,  and 
running  at  first  north  and  east,  the  stream  then  bends  round  the 
southern  edge  of  the  talus-fan  and  falls  into  the  lake.  It  seems 
impossible  to  regard  this  as  the  original  course.  Ever}i;hing  appears 
to  snggest  that  it  formerly  drained  northward,  but  has  been  gradu- 
ally pushed  over  by  the  accumulating  talus.  This  leads  one  to 
consider  what  determines  the  watershed  of  the  whole  area  and  what 
is  the  real  nature  of  the  bridge  between  the  Todtalp  and  the  Homli. 
Its  position  and  contour,  its  sharp  distinction  from  the  lateral 
mountain-slopes,  and  its  situation  at  the  end  of  a  lake  all  surest 
the  idea  of  a  moraine. 

It  is,  I  believe,  impossible  to  find  solid  rock  in  sUu  anywhere 
between  Drusatch  and  the  Todtalp.  The  steep  Homli  slopes  are 
separated  by  nearly  2  miles  from  the  solid  serpentine,  and  though 
the  latter  is  prolonged  down  just  to  the  west  of  Laret,  there  is  even 
here  a  wide  interval  filled  with  superficial  deposit  between  it  and 
the  schists  on  the  east.  The  Drusatch-Wolfgang  ridge  is  composed 
mainly  of  blocks  of  serpentine  from  the  Todtalp,  and  this  has 
naturally  led  to  its  being  mapped  as  such.  Mixed  with  these,  how- 
ever, are  large  erratics  of  granites,  gneisses,  and  schists,  as  well  as 
fragments  of  limestone  and  verrucano.  It  will  be  suggested  that 
there  may  still  be  a  transverse  solid  rock-ridge  below  ;  but  it  would 
be  difficxdt,  if  not  impossible,  to  account  for  the  formation  of  such 
a  ridge,  and  stiU  more  difficult  to  explain  the  lake. 

The  maximum  height  of  the  mass  above  the  present  lake-level  is 
200  metres,  and  there  seems  no  reason  to  doubt  a  similar  thickness 
below.  The  northward  extension  is  also  considerably  larger  than 
one  would  at  first  suspect.  It  forms  the  plain  round  Laret  and 
the  Schwarzsee,  as  also  the  rising  ground  of  Weiden  between  the 
railway  and  the  Xlosters  road ;  and  then  is  prolonged  in  a  sloping 
tongue  down  between  the  Lareter  Bach  and  the  Riedloch  Bach. 
Only  at  Selfranga,  above  Xlosters,  is  the  solid  rock  (limestone  and 
serpentine)  met  with  in  the  river-bed.  From  below  Laret  to  this 
point  the  river  runs  between  the  cliffs  of  gneissose  rocks  on  the  east, 
and  the  mass  of  detritus  between  them  and  the  Schwarzsee.     The 
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serpentine  in  situ  on  the  Sohwarzsee  Alp  is  |  mile  distant,  and  thus 
there  is  ev^ry  reason  to  suppose  .that  the  real  rock-floor  lies  far 
below  the  present  stream-bed. 

Taming  now  to  the  southern  end  of  the  area,  we  find  the  mouth 
of  the  Sertig  Thai  marked  by  scenic  features  readily  noticed  by  the 
least  observant  eye.  On  the  eastern  side  are  two  great  flat-topped 
terraces,  the  WUdboden  and  the  Jnnkersboden,  which  present  to 
the  west  a  very  steep  bank  more  than  100  feet  in  height.  They 
are  separated  by  the  Sertig  Bach,  which  has  cut  ti^ough  the 
mass  to  the  same  depth.  Eastward  the  top  of  the  terrace  rises 
graduaUy  past  the  contour  of  1560  metres,  and  then  steeply  up  to 
Clavadel.  This  village  is  also  situated  on  the  comparatively  level 
top  of  a  mass  of  superficial  deposits  :  the  rock  in  situ  being  exposed 
many  metres  above.  Looking  up  the  Sertig  Thai,  the  remains  of  a 
former  extension  of  the  same  deposits  may  be  seen  far  higher  up  the 
valley.  There  is  a  large  mass  left  on  the  southern  side,  behind  the 
electrical  works  at  Bei  der  Sage ;  and  a  chalet  at  Stadel  stands  on 
a  similar  terrace,  at  a  height  of  nearly  1800  metres. 

The  flat  top  of  the  Wildboden  and  Jnnkersboden  terraces  has 
naturally  suggested  to  some  the  idea  of  deposition  in  a  lake ;  but 
there  is  no  doubt  that  the  whole  series  form  part  of  a  great  detritus- 
fan  which  at  one  time  filled  the  Sertig  Valley,  and  was  banked  up 
against  the  mountain-slopes  west  of  the  Landwasser.  Enormous 
as  the  amount  of  transported  material  is,  once  it  was  much  greater, 
as  the  height  of  the  remains  on  the  side  of  the  Sertig  YaUey  con- 
clusively shows.  Clavadel  itself  stands  100  feet  higher  than 
Wolfgang,  and  the  maximum  height  of  the  detrital  mass  must  have 
been  considerably  above  that. 

Such  a  barrier  as  this  would  have  been  quite  sufficient  to  hold  up 
the  waters  of  a  lake  reaching  north  to  the  Wolf  gang-Drusatch  ridge. 
That  the  cutting-through  of  its  margin  by  the  Landwasser  is  of 
relatively  late  date  is  shown  by  the  shurp  angle  made  by  its  terminal 
bank  with  the  surface-contour. 

Further  evidence  is  now  obtainable,  owing  to  the  fact  that  a 
catting  is  being  made  on  the  west  side  of  the  Landwasser  opposite 
Wildboden.  Here  is  a  large  rounded  mound  projecting  towards 
the  river.  While  intact,  thu  would  have  been  naturally  regarded 
as  part  of  the  talus  from  the  western  mountains.  Its  excavation, 
however,  proves  it  to  be  a  part  of  the  great  Sertig  fan  cut  ofiE  from 
the  main  mass  by  the  recent  erosion  of  the  Landwasser.  The 
beds  of  sand  and  pebbles  of  which  it  consists  dip  at  an  angle  of 
some  30^  to  the  north  and  west ;  and  this  high  angle  confirms  the 
impression  of  the  great  vertical  height  of  the  andent  barrier. 

So  &r,  then,  as  a  general  observation  of  the  valley  is  concerned, 
one  is  led  to  the  following  conclusions : — ^That  throughout  the  whole 
area  the  river  is  running  over  superficial  deposits,  and  its  course  gives 
no  indication  of  the  real  oontoor  of  the  rock-bed ;  that  the  lateral 
talas-fans  have  been  oat  through  at  a  relatively  recent  date  since 
their  acoamulation ;  that  the  northern  end  is  blocked  by  moraine- 
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F  ig   3. —  Views  of  the  Davos  Valley  {adapted  from  photographs). 
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material  of  great  thicknees,  but  for  whioh  the  lake  would  drain  to 
the  north  and  would  carry  with  it  the  waters  of  the  Eluela  and  the 
Disohma ;  that  the  oontours  euggest  the  former  ezistenoe  of  a  larger 
lake  stretching  south  towards  Prauenkirch,  and  that  in  that  part 
there  is  eyidence  of  the  previous  existence  of  a  great  detrital  fan 
sufficient  to  account  for  the  formation  of  the  lake  in  question. 

It  remains  to  consider  whether  there  is  any  method  of  arriving 
at  a  knowledge  of  the  fundamental  structure  of  the  area,  and  whether 
there  is  any  collateral  evidence  derivable  from  other  sources. 

With  the  former  object  in  view,  it  occurred  to  me  that  something 
might  be  learnt  by  making  a  series  of  transverse  sections  across 
the  valley.  By  ta^g  a  number  of  fixed  points  at  a  constant  level 
on  both  sides,  and  drawing  lines  down  from  these  to  the  points 
where  the  rock  in  situ  dbappears  beneath  the  superficial  accumu- 
lations, one  can  form  an  idea  of  the  slope  of  the  sides  of  the  valley. 
By  prolonging  the  lines  under  the  central  alluvium  one  might 
arrive  at  the  approximate  level  of  the  rock-fioor.  That  such  a 
method  would  be  exact  for  any  particular  section  is  not  suggested, 
but  a  number  of  sections  would  give  a  relative  series  of  points 
indicating  the  real  position  of  the  solid  rock. 

The  contour-line  of  2100  metres  (about  7000  feet)  is  one  which 
can  be  traced  easily  on  the  map :  it  corresponds  roughly  to  the 
upper  limit  of  the  pine-woods ;  and  at  this  level  there  is,  bH  along, 
a  marked  alteration  in  the  slope  of  the  mountains,  which  evidently 
represents  some  period  of  change  in  the  denudation  of  the  district 
far  earlier  than  ike  time  which  we  are  considering. 

For  these  reasons  I  selected  it  as  a  fixed  point,  and  drew  to  scale 
the  nine  sections  marked  on  the  sketch-map  (fig.  1,  p.  281).  It  is 
often  difficult  to  fix  the  position  of  the  'junction '  of  the  solid  rock 
with  the  surface-accumulations,  and  I  do  not  claim  any  great 
accuracy  for  the  separate  sections.  The  general  result,  however,  is 
distinctly  confirmatory  of  the  opinions  already  arrived  at. 

Thus  the  section  (C)  across  tiie  lake  from  the  Seehom  indicates  a 
depth  of  150  metres,  and  this  agrees  with  the  results  of  soundings. 
Between  the  Dorfiiberg  and  the  fiiihlenberg  the  rock-floor  seems  to 
lie  at  the  same  depth,  while  between  Davos  Platz  and  Glavadel  it  is 
reduced  to  120  metres.  A  section  along  the  bed  of  the  Sertig  and 
across  to  the  Erbberg  gives  the  thickness  of  the  loose  material 
beneath  the  river  as  less  than  100  metres.  These  measurements 
may  be  far  from  the  truth  in  themselves,  but  as  a  comparative 
series  they  indicate  that  the  solid  rock-axis  is  south  of  Davos. 

Lastly,  in  trying  to  determine  the  former  direction  of  drainage 
in  the  district,  we  have  to  consider  the  evidence  of  ice-movement. 
Here  we  find  facts  entirely  in  support  of  the  theory  of  a  former 
northerly  discharge. 

The  great  intrusive  serpentine  of  the  Todtalp  has  well-defined 
boundaries  and  the  rock  is  unmistakable.'    It  has  been  rapidly 


'  See  Ball, '  The  Serpentine  &  Aaaoo,  Books  of  Davoe,'  Ziirioh,  ISST. 
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weathering  through  an  enormoos  period  of  time,  but  no  erratic 
blocks  of  it  oocur  along  the  lake-side,  nor  indeed  anywhere  south  of 
the  lake -head.  This  fact  alone  seems  to  me  to  be  conclusiye  as  to 
the  former  direction  of  drainage ;  but  there  is  also  positive  evidence 
in  the  presence,  north  of  the  lake,  of  many  rocks  that  can  have  come 
only  from  the  south. 

In  the  Eluela  Pass  one  of  the  most  conspicuous  rocks  is  a  coarse- 
grained white  augen-gneiss  derived,  I  believe,  from  the  region  of 
the  Weisshom.  Erratic  blocks  of  this  occur  frequently  near  the 
foot  of  the  pass,  along  the  lower  slopes  of  the  Seehom,  and  on  the 
Drusatch  Aip. 

Blocks  of  a  muscovite-granite  are  abundant  behind  Hohwald,  at 
the  head  of  the  lake,  and  appear  to  be  erratics  from  the  mass 
which  crosses  from  the  Schaflager  to  the  Mittelgrat. 

Another  important  constituent  of  the  moraine  is  the  dark  compact 
hornblende-schist  with  veins  of  epidote,  which  occurs  in  gitu  on  the 
Dorfliberg  and  elsewhere  south  and  east.  A  group  of  huge  erratics 
of  this  rock,  one  of  which  must  contain  some  2000  cubic  feet,  may 
be  seen  at  the  north-western  corner  of  the  lake. 

More  important  is  the  common  occurrence  between  Hohwald  and 
Wolfgang  of  limestone-fragments.  The  present  river-system  could 
not  bring  them  to  this  point  either  from  the  Weissfluh  or  Casanna; 
they  must  have  travelled  from  the  limestone-mass  above  Davos. 

The  same  is  the  case  with  the  verrucano.  Fragments  of  this 
are  common  in  the  moraine  from  Wolfgang  to  Laret,  but  the  rock 
does  not  occur  in  the  region  above.  They  must  have  come  also 
from  the  south,  and  most  probably  from  some  point  above  Frauen- 
kirch. 

All  observations  of  transported  blocks  thus  tend  to  show  the 
northward  movement  of  the  ice,  while  there  is  a  striking  absence  of 
any  proof  of  the  reverse  condition. 


Such  being  the  characters  of  the  area,  it  only  remains  to  attempt 
a  reconstruction  of  its  more  recent  geological  history. 

The  general  direction  of  the  Eluela,  Dischma,  and  Sertig  valleyi 
points  to  the  conclusion  that  they  formerly  discharged  their  waters 
northward  into  the  Landquart  basin ;  and  the  evidence  of  former 
ice-movement  is  entirely  in  favour  of  this  view.  The  watershed 
was  then  apparently  between  Davos  and  Frauenkirch,  perhaps 
nearer  the  last-named  locality. 

During  the  glacial  time  the  ice-borne  blocks  from  these  valleys 
and  from  the  Todtalp  were  accumulating.  When  climatic  con- 
ditions became  less  severe  and  the  ice  receded,  the  resulting  moraine 
held  up  the  waters  of  the  lateral  valleys  and  caused  the  lake,  which 
probably  extended  to  Frauenkirch  and  was  there  banked  up  by  the 
great  detrital  fan  of  the  Sortigthal.  When  running  water  became 
once  more  the  chief  ajrent  of  change,  the  relatively  small  streams  at 
the  northern  end  could  have  but  little  effect  in  removing  the  solid 
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Wolfgang  moraine;  while  the  powerftil  Sertig  river  was  catting 
rapidly  through  the  great  mass  of  detritus  at  Erauenkiroh. 

The  result  of  this  would  he  a  breaking-down  of  the  southern 
barrier,  and  the  flow  of  the  lake-waters  in  that  direction,  carrying, 
with  them  the  currents  of  the  Dischma  and  the  Fluela.  The 
lowering  of  the  lake-level  would  stop  any  outflow  over  the  Wolf- 
gang saddle,  and  the  present  conformation  of  the  area  would  be 
established. 

DiSOUSBIOK. 

Prof.  BomTBT  said  that  he  thought  that  the  Author  was  quite 
right  in  his  main  contention,  namely,  that  the  flow  of  the  water  from 
the  trough  at  Davos  had  been  to  the  north,  and  that  the  blockage 
north  of  the  Davoser  See  was  quite  unimportant,  though  he  believed 
that  he  had  seen  rock  in  titu.  He  thought,  however,  that  the 
original  watershed  had  been  well  to  the  south  of  Erauenkirch, 
and  quoted  a  number  of  similar  cases  of  beheaded  valleys.  That 
seems  dear  from  the  north-western  course  of  the  tributaries  which 
join  the  Davos  trough  from  the  east.  In  other  words,  he  thought 
the  Glacial  and  post-Glacial  changes  superficial,  and  that  the  main 
sculpturing  of  the  region  was  done  in  earlier  times. 

Mr.  Harmbb  wished  to  add,  as  a  case  in  point,  that  the  old  valley, 
from  the  centre  of  which  the  Waveney  and  the  Little  Ouse  took 
their  rise,  flowing  the  one  eastward  and  the  other  westward,  was 
occupied,  near  the  present  watershed,  by  a  considerable  thickness 
of  the  Chalky  Boulder  Clay. 

The  Pbbsident  and  Mr.  Whitaxbb  also  spoke. 

The  Author  said  he  was  very  glad  to  have  Prof.  Bonney's  support 
on  the  main  principles  of  his  paper.  As  regarded  details,  he  was 
prepared  to  admit  that  the  old  watershed  might  have  been  somewhat 
south  of  the  Sertig  river,  and  that  that  river  might  once  have 
belonged  to  the  same  system  as  the  Fluela  and  the  Dischma.  The 
depth  of  the  Ziige  gorge  indicated  that  the  watershed  could  not  have 
been  much  farther  south.  In  the  northern  part  he  admitted  that 
the  solid  rock  occurred  n  ear  the  river  at  Laret,  but  still  far  from 
the  eastern  rock-slope ;  and  he  believed  that  it  could  not  be  found 
in  the  stream-bed  south  of  Selfranga. 
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23.  On  the  ORienr  of  the  Aurifebotts  Conglombratbs  of  the  Qold 
Coast  Colony  (West  AraiCA).  ByT.B.F.8Aii,Esq.,C.E.   (Com- 
municated by  J.  L.  LoBLEY,  Esq.,  F.G.S.  R«ad  April  20th,  1898.) 
[Abstract] 

This  paper  gives  an  acoount  of  a  recent  journey  from  Adjah  Bippo 
to  the  Ankobra  Junction  in  the  Gold  Coast  Colony.  A  range  of 
clay-slate  hills  is  succeeded  for  6  miles  by  flat  ground  in  which 
diorite  was  found,  and  that  by  a  lofty  hill  in  which  clay-slate 
dipping  east  occurs.  The  Teberibie  range  with  reefs  of  con- 
glomerate, and  a  second  range  with  similar  reefs,  were  crossed. 

Gold-bearing  alluvia  are  briefly  described,  and  the  gold  is 
supposed  to  have  come  from  the  hills.  The  Adjah  Bippo,  Tarkwa, 
and  Teberibie  formations  are  considered  to  be  part  of  a  syncline. 
Certain  auriferous  conglomerates,  and  others  presumed  to  be 
identical  with  them,  are  thought  to  be  ancient  alluvial  deposits. 

DiSOUSSIOK. 

Mr.  F.  Stbubek  said  that  he  had  carefully  examined  the  auriferous 
conglomerates  stated  by  the  Author  to  exist  on  the  Gold  Coast,  and 
as  he  (the  speaker)  had  had  considerable  practical  experience  of 
conglomerates,  having  discovered  those  of  Johannesburg  in  South 
Africa,  he  had  no  hesitation  in  stating  that  those  of  West  Africa 
were  identical  in  their  character  and  age  with  those  of  Johannes- 
burg. He  did  not  agree  with  the  Author  in  thinking  that  the 
West  African  conglomerates  were  derived  from  the  disintegration 
of  the  existing  range  of  moimtains  which  rises  a  little  farther 
inland,  but  he  thought  that  they  undoubtedly  belonged  to  a  far  earlier 
period,  and  were  similar  in  age  to  those  of  South  i&ca.  They  were 
evidently  part  of  the  series  of  sedimentary  deposits  which  so  largely 
predominate  over  the  surface  of  the  African  continent.  He  thought 
that  in  these  conglomerate-beds  of  West  Africa  there  would  be  found 
deposits  as  extensive  and  as  rich  in  gold  as  those  of  South  Africa. 

Mr.  J.  C.  Wylib  said  that,  from  personal  knowledge  and  actual 
work  on  the  conglomerate-reefs  of  Johannesburg  and  the  Tarkwa 
district  of  the  Gold  Coast,  he  fully  endorsed  the  previous 
speaker's  remarks  as  to  their  identical  character.  Further,  that  in 
many  cases  a  main  reef  of  poor  quality  ran  parallel  to  a  narrow 
leader  of  rich  quality,  in  the  manner  so  well  known  around 
Johannesburg ;  and  that  in  both  countries  the  gold  was  principally 
in  the  cement,  and  not  in  the  pebbles  of  the  conglomerates.  It 
gave  him  pleasure  to  hear  such  a  paper  from  a  native  gentleman  of 
the  Gold  Coast,  as  it  showed  considerable  powers  of  observation. 

Mr.  Tball  asked  what  evidence  there  was  in  the  paper  of  the 
auriferous  character  of  the  conglomerates. 

Mr.  LoBLBY  regarded  the  auriferous  conglomerates  of  Adjah 
Bippo  as  so  like  those  of  the  Transvaal  as  to  be  identical,  and  held 
therefore  that  this  paper  had  an  important  geological  value.  The  age 
of  these  conglomerates,  from  the  South  African  geological  structure 
--  -yarded  as  Palaeozoic.  ^.^.^.^^^  by GoOglC 
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24.  On  some  Paljiolithic  Impleicbnts  from  the  Platbau-Gbavbls, 
and  their  Etidencb  concerning  *  Eolithio  *  Man.  By  William 
CuNNiNGTON,  Esq.,  F.G.8.    (Read  April  6th,  1898.) 

[Abridged.] 

Since  the  publication  of  the  late  Sir  Joseph  Prestwich's  series  of 
papers  (1889-1896)  on  the  chipped  flints  found  by  Mr.  Benjamin 
Harrison  on  the  Chalk-plateau  of  Western  Kent,  these  specimens 
have  attracted  wide  attention.  For  it  was  conclusively  shown  in 
those  papers  that  the  chipped  flints  came  from  a  gravel  which  was 
much  earlier  than  the  gravels  containing  Palaeolithic  implements  in 
the  valleys  of  the  existing  rivers  of  the  district.  A  British  Chalk- 
plateau,  in  a  period  of  intense  cold  or  of  on-coming  cold,  would 
hardly  afibrd  a  comfortable  cradle  to  the  human  race ;  and  though 
Kent  was  not  claimed  as  man's  birthplace,  it  was  held  that  the 
chipped  flints  of  that  county  were  the  earliest  and  most  primitive 
known  specimens  of  his  handiwork. 

The  enormous  antiquity  of  these  chipped  flints  was  deduced,  in 
the  flrst  place,  from  the  stratigraphical  relations  of  the  gravel  where 
they  occur,  which  was  referred  to  the  Pliocene.*  The  gravels  are 
part  of  Prestwich's  *  Southern  Drift,'  and  were  formed  before  the 
erosion  of  the  Daren  t  gorge  or  of  the  transverse  Ightham  valley. 
The  plateau-gravels  are  therefore  older  than  the  existing  river- 
system  ;  but  at  present  there  is  no  evidence  whatever  to  show  that 
they  are  of  pre-Pleistocene  age. 

The  main  claim  of  the  plateau-flints  to  notice  rests  on  the 
assumption  that  the  chipping  is  of  so  primitive  a  character  that  it 
cannot  be  the  work  of  the  skilled  flint-flakers  of  the  Palaeolithic 
age.  These  chipped  flints  have  accordingly  been  held  to  represent 
the  flrst  crude  attempts  by  man  to  fashion  stone  into  serviceable 
form.'*    They  have  therefore  been  named  *  Eoliths.' 

Fortunately  the  study  of  the  flints  has  not  been  hampered  by 
paucity  of  material.  Their  number  is  enormous.  Mr.  Harrison, 
for  example,  collected  over  2000  specimens  between  1892  and 
September  1894.'  Sir  Joseph  Prestwich  figured  a  large  series, 
which  may  be  divided  into  two  sets — ^flaked  Palaeolithic  implements 
and  chipped  '  Eoliths.'  The  former  were  not  found  in  situ^  and  in 
some  cases  *  were  of  a  colour  different  from  that  of  the  plateau-flints ; 
but  it  is  only  flints  of  the  plateau-coloured  type  that  we  need  consider : 
the  rest  may  be  dismissed  as  specimens  of  a  later  date,  which  had 
fallen  upon  the  surface  of  the  plateau-gravel,  or  have  been  found  in 

»  Prostwioh,  Quart.  Joum.  G^eol.  Sec.  vol.  xlvu  (1891)  p.  129. 
2  Proc.  Geol.  Assoc,  vol.  xiii  (1893)  p.  162. 

^  Prestwich, '  Coll.  Papers  on  ControT.  Questions  in  geology/  l^ondon  1895| 
p.  50. 

*  fbid.  p.  64, 


Digitized  by  VjOOQ IC 


I 


tub 

In 


^ 

i 
^ 


Digitized  by  VjOOQIC 


VoL  54.]  DCPLEMEHTS  FBOK  THB  PLATBAU-eBAYKLS.  293 

nnstratified  drift  aboye.  Hence  the  main  question  tamed  upon  the 
evidence  of  the  '  Eoliths,'  in  which  sceptics  could  not  see  any  trace 
of  human  work. 

I  was  at  first  led  to  accept  the  '  Eoliths  *  as  artificial,  as  I  knew 
of  no  natural  flints  of  the  same  shape  and  character.  But  a  more 
detaOed  study  of  specimens,  most  kindly  lent  or  given  to  me  by 
Mr.  Harrison,  caused  me  to  recant  my  belief  in  the  human  origin 
of  the  *'  Eolithic  *  chipping.  My  reasons  were  stated  in  a  short 
paper  in  *  Natural  Science'^;  they  are  mainly  based  upon  the  facts 
that  the  chipping  is  of  difierent  dates,  even  in  the  same  specimen, 
and  that  it  was  produced  after  the  specimens  were  embedded  in  the 
plateau-gravel. 

Since  that  paper  was  published  Mr.  Harrison  has  kindly  sent  me 
some  further  specimens  which  advance  the  question  an  important 
stage.  I  am  very  grateful  to  him  for  his  permission  to  describe 
some  of  these  specimens.     They  prove  two  propositions : — 

1st.  That  man  lived  on  the  Kent  plateau  before  or  during  the 
deposition  of  the  plateau-gravels. 

2nd.  That  the  *  Eolithic  *  chipping  is  not  the  work  of  man. 

The  first  proposition  is  established  by  the  specimens  bearing  the 
numbers,  in  Mr.  Harrison's  catalogue,  645,  551,  760,  784,  792 
(Jan.  2nd,  1898),  for  they  are,  in  my  opinion,  unquestionably 
Palaeolithic  implements. 

No.  551  (fig.  1)  is  a  good  example  of  a  pointed,  spear-shaped 
implement ;  the  flakes  struck  from  it  were  long  and  thin,  and  out 
the  edge  obliquely.  The  specimen  is  in  excellent  preservation,  and 
only  slightly  rolled,  exhibiting,  however,  traces  of  crushed  chipping, 
and  some  frost-flakes  of  later  date.  No.  760  (fig.  2)  is  also  a  good 
implement,  and  is  of  the  oval  type.  No.  545,  from  South  Ash,  is 
another  oval  implement,  but  it  has  been  very  much  worn  and  rolled, 
although  retaining  evidence  of  Palaeolithic  work.  No.  792,  found  at 
West  Yoke,  on  the  first  day  of  the  present  year,  shows  distinct 
Palaeolithic  work,  with  sundry  cbippings  of  the  edge,  frost-flakes  of 
different  dates,  and  is  slightly  damaged  by  a  modern  blow.  A  flake, 
dated  by  Mr.  Harrison  Jan.  2nd,  1898,  looks  like  a  fragment  of  an 
oval  implement :  he  says  of  it,  ^  1  send  a  bulbous  flake ;  compare 
aide  working  with  the  work  on  plateau-specimens.'  The  com- 
parison has  been  made ;  the  style  of  the  chipping  seems  to  be 
identical  in  each. 

Mr.  Harrison  also  speaks  of  a  deep-stained,  much  worn  Palaeolith 
(No.  712)  found  at  South  Ash,  with  traces  of  the  *  old  style '  of 
chipping  on  the  edge.  This,  and  another  larger  example  (No.  689) 
from  West  Yoke,  with  '  old  old '  markings  on  one  edge,  are  now  in 
the  museum  at  Nice. 

The  specimens  were  not  found,  in  siiu^  in  the  gravels  ;  but  they 
present  evidence  which  appears  to  me  conclusive  that  they  were 
derived  from  the  plateau-gravels.  The  flints  of  this  deposit  have 
very  distinctive  characters :  they  are  of  a  deep  brown  colour ;  they 

>  *  The  Authenticity  of  Plateau-Man/  Nat  Sd.  toL  xi  (1897)  pp.  327-388. 
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are  generally  acknowledged  to  have  been  glacially  soratohed,  and 
then  thinly  coated  with  a  deposit  of  white  silica.  These  Palseolithic 
implements  show  the  same  characters :  they  have  the  typical  brown 
colour,  the  nsual  stri®,  and  the  white  silica ;  in  fact  they  wear  the 
livery  of  the  plateau-gravels,  in  which  they  must  once  have  been 
included. 

Man  therefore  lived  in  Kent  during  or  prior  to  the  deposition  of 
these  gravels :  and,  as  the  implements  are  PalsBoUthic,  the  gravels 
are  of  Palaeolithic  age.  It  may  be  urged  that,  having  admitted  so 
much,  it  would  be  as  well  to  admit  that  the  chipped  plateau-flints 
were  also  shaped  by  man.  It  may  be  said  that  to  deny  that  claim 
is  no  longer  of  any  avail,  the  existence  of  plateau-man  having  been 

Fig.  3.— No.  784,  from  FaTceham  (Kent), 


The  edge-chipping  in  this  case  was  produced  after  the  implement 
had  been  finished  by  FalsBolithio  man.    (8x7  cm.) 

conceded.  But  the  discovery  of  the  Palaeolithic  age  of  the  plateau- 
gravels,  though  an  important  contribution  to  the  geology  of  Kent, 
is  a  smaller  matter  than  the  claim  that  the  West  Kent  plateau  was 
the  home  of  a  pre-Palaeolithic  people  whose  implements  carry 
us  nearer  than  any  yet  known  '  to  the  dim  red  dawn  of  man.* 

The  Palaeolithic  specimens  found  by  Mr.  Harrison  prove  the 
authenticity  of  plateau-man,  which  is  a  local  question,  but  it  is  by 
evidence  that  I  hold  to  be  absolutely  fatal  to  the  authenticity  of 
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'  Eolithic '  man,  which  is  the  general  question  that  has  given  these 
flints  such  wide  interest. 

The  most  instructive  of  these  plateau-specimens  is  No.  784  (fig.  3), 
a  hroken  implement  of  the  oval  type.  To  understand  its  significance 
let  us  examine  in  detail  the  evidence  which  it  affords.  It  has  passed 
through  seven  stages : — 

(1)  It  was  wrought  hy  man  into  an  oval  PalsBolithic  implement. 

(2)  It  was  greatly  abraded,  worn  possibly  by  the  action  of  blown 

sand. 

(3)  It  was  broken,  the  upper  left-hand  quarter  being  removed, 

leaving  a  smooth  concave  fracture,  part  of  which  is  seen  at/. 
The  cause  of  the  fracture  is  immaterial,  but  it  was  probably 
due  to  the  action  of  frost :  this  forces  from  fiints  flakes 
which  leave  deep  hollows,  or  broad  concave  surfaces  rippled 
by  conchoidal  fracture.  To  such  frost-flaking  I  attribute 
the  fractured  surface  /. 

(4)  This  fracture  cut  obliquely  through  the  implement,  leaving  a 

thin  edge  along  d,  which  htis  since  been  chipped  back  to  its 
present  position.  The  chips  were  all  marginal,  and  nearly 
vertical  to  the  plane  of  the  specimen.  The  chipping  appears 
to  me  of  exactly  the  same  character  as  that  on  specimens 
given  me  by  Mr.  Harrison  as  typical  ^  Eoliths.' 

(5)  The  specimen  was  stained  with  the  deep  brown  hue  charao- 

teristic  of  the  plateau-flints.  This  staining  was  probably 
due  to  the  action  of  ferrugiDOUs  solutions,  depositing  ferric 
oxide  in  the  interstices  left  by  removal  from  the  flint  of  the 
more  soluble  silica.^ 

(6)  The  implement  was  marked  by  a  series  of  glacial  striae. 

(7)  A  thin  layer  of  white  silica  was  deposited  over  the  surface, 

filling  up  the  glacial  striae. 

The  present  condition  of  this  very  instructive  Palaeolith  may  be 
explained  in  one  of  two  ways.  Either  it  has  been  broken  and  then 
chipped  by  natural  agencies,  in  which  case  the  plateau-*  Eoliths ' 
were  also  chipped  by  natural  agencies  (agencies  which  I  consider  to 
have  been  the  movements  in  beds  of  frozen  or  thawing  gravel);  or 
if  this  explanation  be  rejected,  and  the  marginal  chipping  be  held  to 
be  the  work  of  man,  then  that  work  must  have  been  done  by  post- 
Palaeolithic  man.  In  either  case  we  may  conclude  that  the  use  of 
the  term  *  Eolith '  should  be  suspended  till  proofs  of  the  existence 
of  a  pre -Palaeolithic  race  are  established. 

Some  specimens  lately  found  by  Mr.  Harrison  at  Maplescombe 
(Kent)  are  by  his  request  now  exhibited  to  the  Society.  Though 
not  immediately  bearing  upon  the  subject  under  consideration,  they 
are  of  much  interest  as  examples  of  the  continuity  of  Palaeolithic 

^  See  T.  G.  Bonney,  *  The  Formation  of  Flints/  Fhonogr.  Quart  Bey.  ? ol.  i 
(1894)  pp.  37-41. 
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work  after  the  great  dimatic  change.  They  are  rade  implements, 
fashioned  by  man,  from  flints  taken  from  the  plateau-grayels,  snb- 
seqnently  to  the  close  of  that  period.  Fig.  4  represents  one  of 
these  (No.  827) :  the  part  marked  0  is  the  old  brown  coating,  the 
^  livery '  of  the  platean-flint,  and  n  is  the  flaked  work,  of  a  light 
colonr,  forming  the  implement. 

Fig.  4.— iVb.  827,  from  Maplescomhe  (Kent). 


A  rude  pointed  implement,  flaked  by  man,  after  the  flint  of  which 
it  is  made  had  paseied  through  the  changes  of  the  plateau  period. 
A  post-Glacial  Paloeolith.     (11  X  6  cm.) 

I  gladly  express  my  obligations  to  Prof.  Bonney,  Mr.  Teall,  and 
Dr.  Gregory  for  valuable  help  in  the  examination  of  the  specimens, 
and  to  the  laHt-named  gentleman  for  kind  assistance  in  the  prepara- 
tion of  this  paper. 
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Prof.  Skslsy  remarked  that,  as  a  member  of  the  Committee  of 
the  British  Association  assisting  Mr.  Harrison  in  collecting  plateau 
flint-implements,  he  had  been  impressed  by  the  skill  with  which  the 
evidence  was  marshalled  (by  Mr.  Harrison  and  others)  to  illustrate 
the  use  of  the  flints  in  the  domestic  life  of  the  people.  But  with 
regard  to  a  large  part  of  the  evidence,  he  thought  that  there  was 
experience  of  the  production,  both  by  natural  strain  in  beds  of  chert 
and  flint  and  by  chance  blows  of  the  hammer,  of  some  such  forms 
as  had  been  termed  Eolithic,  not  only  in  general  shape,  but  also  in 
the  finely-chipped  condition  of  the  edge,  which  was  regarded  as 
especially  worked.  In  many  beds  of  river-gravel  flints  occurred 
which  showed  do  indication  of  design  in  their  forms,  but  had  a 
margin  chipped,  as  though  the  flints  forming  the  gravel  had  been 
frozen  together,  and  the  strain  had  shivered  the  acutest  edge.  He 
was  inclined  to  follow  therefore  the  example  of  Sir  John  Evans,  in 
suspending  his  judgment  with  regard  to  many  of  these  reputed 
Eolithic  flints. 

Mr.  H.  B.  Woodward  said  that  he  had  recently  seen,  in  Dr.  Black- 
more's  museum  at  Salisbury,  a  series  of  the  '  Eolithic  implements,' 
and  he  was  much  impressed  by  the  apparent  evidences  of  design  which 
they  afforded.  He  had  also,  under  the  guidance  of  Dr.  Blackmore, 
examined  the  plateau-gravel  at  Alderbury  whence  many  of  the  flints 
had  been  obtained,  and  these  were  considered  to  have  been  hacked 
rather  than  chipped  into  their  present  forms.  It  was  noteworthy 
that  Dr.  Blackmore  had  not  obtained  a  single  Palaeolithic  implement 
from  this  plateau-gravel,  whereas  in  lower-level  gravels  Dear  Salis- 
bury such  implements  did  occur,  and  among  them  were  specimens 
which  had  been  fashioned  after  the  same  type  as  some  '  Eoliths,' 
but  more  highly  finished. 

Prof.  T.  EuPBBT  JoNBB,  referring  to  the  remarks  made  by  one  of 
the  foregoing  speakers,  observed  that  doubtless  frost  in  splitting 
flints  can  form  more  or  less  parallel-sided  flakes,  often  concave  and 
thin  on  one  edge,  and  convex  and  thick  on  the  other,  and  that  the 
thin  edge  may  be  readily  modified  by  natural  causes;  but  the 
hooked  and  hoUow-curved  plateau-implements  have  the  concave 
edge  thick,  and  intentionally  chipped  and  hammered.  The  local 
association  of  so-called  PalasoHths  with  the  others  (known  as 
*  Eoliths'  and  'old  brownies')  in  the  plateau-gravel  shows  that 
ancient  man  varied  his  work ;  and  the  fact  that  ^  PalsBoliths '  occur 
elsewhere  without  the  *  Eoliths '  does  not  prove  that  the  two  patterns 
bad  never  been  made  at  the  same  time.  The  several  well-known 
series  of  plateau-implements  now  in  museums,  showing  numbers  of 
definite  patterns,  are  sufficient  evidence  of  intention  and  design  on 
the  part  of  early  man.  There  are  many  of  both  odd-shaped  and 
regtdarly-shaped  forms,  of  which  the  intended  uses  are  ambiguous 
for  us  who  know  so  little  of  savage  life ;  their  hammered  edges, 
however,  are  not  of  accidental  but  of  intentional  origin. 

Mr.  A.  E.  Salteb  said  that  he  would  like  to  know  upon  what 
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grounds  the  Author  denied  a  pre-Pleistooene  age  to  the  gravels 
asaociatod  with  these  implements.  With  the  exception  of  the  Dewlish 
ElephoM  meridionalis,  the  high-level  drift-deposits  of  the  South  of 
England  had  yielded  no  remains  of  extinct  mammalia.  The  highest 
drifts,  like  those  at  Well  Hill  (Kent),  Buigh,  Headley,  and  Netley 
Heaths,  on  the  North  Downs,  and  similarly-placed  deposits  in 
Hants,  Dorset,  etc.,  had  yielded  no  implements  at  present ;  but  they 
were  found  in  the  lower  plateau-gravels  about  150  to  200  feet  below 
them,  as  at  Curly  Hill  on  the  Chobham  Ridges,  and  Alderbury  Hill 
near  Salisbury:  It  would  thus  appear  that  these  chipped  flints  were 
strewn  on  the  surface  at  a  period  between  the  deposition  of  these 
two  series  of  gravel-deposits.  The  gravels  yielding  Falaeoliths  in 
abundance,  such  as  those  at  Wrecklesham,  Caversham,  Belbins,  etc., 
were  situated  at  still  lower  levels.  He  thought  that  only  implements 
found  in  situ  in  definite  beds  of  gravel  should  be  brought  forward 
in  support  of  any  argument  dealing  with  their  age,  as  those  strewn  on 
a  very  old  land-surface,  such  as  the  Kentish  plateau,  might  gradually 
descend  in  a  loose  soil,  owing  to  the  action  of  earthworms  or  other 
similar  agencies. 

Mr.  EuDLEB  admitted  that  the  scepticism  which  he  first  enter- 
tained had  given  way,  when  he  had  seen  a  number  of  the  plateau- 
flints  arranged  in  serial  sequence  so  as  to  suggest  evidence  of 
designed  forms.  At  the  same  time,  he  remained  uncertain  with 
regard  to  a  large  number  of  the  so-called  'Eoliths.'  While  admitting 
some  and  rejecting  others,  there  was  a  remainder  respecting  which 
he  deemed  it  prudent  to  maintain  an  attitude  of  cautious  reserve. 
It  would  probably  be  argued,  however,  that  to  admit  even  one  con- 
cedes the  whole  case  in  favour  of  plateau-man. 

Mr.  SiRAHAK  said  that  reference  had  been  made  to  striated  flints 
of  human  workmanship  from  the  plateau-gravels.  The  existence 
of  such  flints  would  be  most  important,  for  it  would  tend  to  prove 
not  only  the  Glacial  age  of  the  gravels,  but  the  pre-61acial  age  of 
the  human  workmanship.  The  specimens  exhibited,  however,  were 
far  from  supporting  the  suggestion.  One  flint  alone  showed  cha- 
racteristic glacial  markings,  but  that  specimen  had  been  found  lying 
loose  on  the  surface  of  the  ground,  and  showed  no  trace  of  man's 
handiwork.  Of  the  others,  some  undoubtedly  seemed  to  have  been 
fashioned,  but  none  of  these  showed  striations.  He  considered  that 
undoubted  implements,  striated  beyond  dispute,  and  collected  from 
a  recognizable  source,  should  be  produced  before  conclusions  so 
important  could  be  accepted. 

Mr.  E.  T.  Newton  expressed  his  belief  that  many  of  the  plateau- 
flints  had  been  chipped  by  man. 

The  Rev.  R.  Ashinotok  Bullen  said  that  he  spoke  with  great 
diffidence  before  such  a  body  of  geological  experts,  but  would  point 
out  that,  with  regard  to  stone-implements,  Sir  Joseph  Prestwich  was 
as  good  a  judge  as  any  man.  We  must  remember  that  his  attention 
was  attracted  to  these  rudely-worked  flints  in  the  Somme  Valley 
in  1859,  that  he  did  not  rush  to  conclusions,  but  only  published 
them  after  30  years'  consideratioiii  and  ranged  his  great  geological 
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attainments  on  the  side  of  Mr.  Harrison.  Judging  from  the  hard 
iron  encrustations  on  the  implements  from  Shepherd's  Bam  (500 
feet  ahove  O.D.)  and  other  places  on  the  Chalk-plateau,  and  the  iron- 
pan  near  Baf  s  Comer  (700  feet  above  O.D.),  from  which  undoubted 
implements  were  taken  (at  between  6  and  9  feet  from  the  surface), 
the  speaker  considered  the  implements  to  be  of  Pliocene  age.  Two 
types  of  implements  exhibited  were  certainly  of  human  workman- 
^p— (a)  those  with  a  straight  edge,  which  are  analogous  to 
currier's  *sleekers,'  used  in  dressing  the  softer  leathers ;  as  plateau- 
man  dressed  in  skins,  if  at  aU,  their  use  to  him  is  obvious,  and 
thick  wooden  sleekers  of  the  same  type  were  in  use  at  Shalford 
tannery  in  this  century;  (6)  tools  on  the  ^engineers'  bit' 
or  *centre-bit'  principle,  for  piercing:  these  go  back  from 
the  fine  small  Neolit^  to  the  more  clumsy  plateau-implement  Two 
of  the  *  sleekers '  are  from  pits  sunk  by  Mr.  Harrison ;  one  is  from 
the  Glacial  gravels  of  Wells  (Norfolk). 

Mr.  A.  8.  Eennard  regretted  the  absence  of  the  Author,  and 
observed  that  to  doubt  the  primitive  character  of  these  plateau- 
implements,  because  in  one  solitary  instance  somewhat  similar 
work  was  found  on  a  presumed  Palseolith,  seemed  to  be  building  on 
very  slender  foundations.  With  regard  to  the  statement  that 
Mr.  Harrison  had  found  over  two  thousand  in  a  short  space  of 
time,  he  pointed  out  that  the  bulk  of  these  had  been  found  by 
the  field-labourers  on  the  Chalk-plateau,  who  had  been  taught 
by  Mr.  Harrison  what  to  collect.  He  strongly  objected  to 
referring  the  work  to  so-called  natural  causes,  when  no  attempt 
had  been  made  to  show  what  these  causes  were,  and  how  and  when 
they  operated.  No  response  had  ever  yet  been  vouchsafed  to  the  oft- 
repeated  challenge  to  produce  from  Glacial  beds  flints  similar  in 
shape  to  those  from  the  plateau.  Of  the  human  origin  of  the  work 
on  these  rudely-trimmed  flints  he  had  no  doubt. 

Mr.  E.  W.  Habmbb,  referring  to  the  remarks  of  a  previous 
speaker,  desired  to  protest  against  any  attempt  to  correlate  the 
Crag-beds  of  East  Anglia  with  any  of  the  gravels  of  the  South 
of  England  by  that  most  unreliable  of  all  tests,  similarity  of 
lithological  character.  Beds  of  iron-pan  may  have  originated 
at  any  period,  and  in  the  Pliocene  deposits  of  Norfolk  they  are 
by  no  means  confined  to  any  special  horizon. 

The  Pbbsident,  Mr.  W.  V.  Ball,  and  Dr.  G.  J.  Hinds  also  spoke. 

Dr.  Grboobt,  replying  on  behalf  of  the  Author,  expressed  regret 
at  the  latter's  unavoidable  absence,  which  placed  his  case  at  a  great 
disadvantage.  The  Author's  experience  of  flint-implements  was 
very  extensive,  as  he  had  been  working  steadily  at  the  question 
since  1851.  He  noticed  in  the  discussion  absolute  unanimity 
on  one  point :  no  one  denied  that  some  of  the  specimens  exhibited 
were  worked  by  man,  and  that  they  were  genuine  plateau-gravel 
flints,  which  must  have  been  flaked  before  the  deposition  of  the 
gravels.  Every  speaker  had  therefore  admitted  that  man  lived  in 
Kent  before  or  during  the  deposition  of  part  of  the  plateau-gravels. 
Thanks,  therefore,  to  Mr.  B.  Harrison's  magnificent  perseverance 
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and  indostiy,  man's  age  in  Kent  had  been  carried  back  one  stage 
farther.  In  the  congratulations  to  Mr.  Harrison  on  that  achieve- 
ment, no  one  would  Join  more  heartily  than  the  Author.  But  that 
admission  did  not  affect  the  question  of  the  specimens  described  as 
*  Eoliths  *  or  ^  rudes.*  Those  who  belieyed  in  these  specimens  still 
could  not  agree  as  to  which  are  genuine  and  which  not.  Prof.  Rupert 
Jones  had  that  eyening  doubted  one  which  Mr.  Harrison  selected  as 
a  fine  example.  The  thickness  of  the  edges  to  which  Prof.  Jones 
had  called  attention  increased  the  speaker's  sceptioiBm  as  to  their 
authenticity.  In  reply  to  Mr.  Salter,  he  had  no  doubt  that  the 
Author  would  admit  the  grayels  as  Pliocene  if  EUpha*  meridimudU 
were  ever  found  in  them  ;  but  there  was  no  eyidenoe  at  present  to 
refer  the  gravels  to  the  Pliocene  age.  The  undoubted  implements 
exhibited  did  not  show  well-preserved  glacial  striae;  but  after 
examination  of  the  series,  the  speaker  thought  that  some  of  the 
scratches  were  truly  glacial.  In  reply  to  Mr.  Eennard,  he  said 
that  the  case  did  not  rest  on  one  specimen  alone,  though  special 
attention  had  been  called  to  one ;  and  the  number  of  specimens 
obtained  by  Mr.  Harrison  between  1892  and  1894  was  quoted 
from  Sir  Joseph  Prestwich.  The  question  of  the  natural  agencies 
was  not  at  issue  that  evening,  and  so  the  specimens  to  which 
Mr.  Kennard  had  referred  were  not  exhibited.  The  critical  points 
of  the  present  paper  had  been  ignored  in  the  discussion :  no 
attempt  had  been  made  to  show  that  the  implements  were  not 
PalsBolithio,  or  that  the  'Eolithio'  work  was  not  later  than  t^e 
Palaeolithic  work.  He  quoted  the  opinions  of  Mr.  Montgomery 
Bell  and  Mr.  Harrison  to  show  the  identity  of  the  working  of 
the  broken  edge  of  the  PalsBolith  with  that  of  the  Eoliths.  It 
was  only  the  '  Eolithic '  implements  that  the  Author  had  denied. 
The  wide  general  importance  of  this  question  was  the  daim  that  the 
Kent  plateau  had  been  the  home  of  a  primitive  pre-PalsBolithio 
people,  which,  he  held,  the  Author's  arguments  conclusively  dis- 
proved. 
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25.  NoTB  an  an  Ebbino  and  Flowikq  Well  at  Newton  Nottaob 
(GLAMOBeANSHiBE).  By  H.  G.  Madan,  Esq.,  M.A.,  E.C.S., 
Fellow  of  Queen's  College,  Oxford.  (Communicated  by 
A.  Stbahan,  Esq.,  M.A.,  F.G-.S.     Read  April  20th,  1898.) 

Ik  the  village  of  Newton  Nottage,  near  the  watering-plaoe  of 
Porthcawl,  about  halfway  between  Cardiff  and  Swansea,  there  is 
an  ancient  dipping-well,  the  water  in  which  has  ^from  time 
immemorial '  been  noticed  to  vary  in  depth  with  the  ebb  and  flow 
of  the  tide.  It  is  mentioned  by  Camden  in  his  *  Britannia,'  vol.  i. 
p.  737  (2nd  ed.  [Eng.J  1723 :  orig.  work  pub.  in  1686),  though  he 
does  not  appear  to  have  visited  the  place  himself,  but  to  have 
received  a  letter  from  '  the  learned  Sir  J.  Stradling '  giving  a  fairly 
detailed  description  of  the  well. 

In  October  last  I  spent  4  or  5  days  on  the  spot,  and  made  nearly 
forty  visits  to  the  well,  determining  the  level  of  the  water  every 
hour  (and  every  half-hour  when  it  seemed  desirable)  at  different 
states  of  the  tide,  and  noting  the  geological  characters  of  the 
neighbourhood,  the  height  of  the  well  above  mean  tide-level,  etc.  I 
also  brought  away  specimens  of  the  water  collected  at  different 
times,  and  have  analysed  them,  with  the  results  stated  at  the  end  of 
this  paper. 

First,  with  regard  to  the  position,  topographical  and  geological, 
of  the  well.  It  lies  on  a  direct  line  drawn  north  and  south 
between  the  church  of  Newton  Nottage  and  the  sea,  about  80  yards 
south  of  the  church  and  500  yards  north  of  the  shore.  There  is  a 
falling  gradient  of  about  1  in  20  between  the  church  and  the  well. 
Between  the  well  and  the  sea  there  is  a  range  of  sandhills  about 
20  or  30  feet  high,  ending  in  a  pebble-ridge  about  10  or  12  feet 
above  ordinary  high-water  mark.  Behind  the  church,  on  the 
north  side,  there  is  a  line  of  Carboniferous  limestone-cliffs  running 
east  and  west,  nearly  parallel  with  the  shore-line.  Along  the 
shore  the  Carboniferous  Limestone  crops  out  at  about  half-tide 
level,  and  rises  into  a  promontory  forming  the  eastern  extremity  of 
Porthcawl  Bay.  Overlying  the  limestone,  between  the  shore  and 
the  cliffs  just  mentioned,  there  is  a  stratum  of  Keuper  conglomerate 
cropping  out  along  the  shore  and  reaching  up  to  the  base  of  the 
cliffs  behind  the  church.  This  conglomerate  is  mainly  composed  of 
pebbles  of  Carboniferous  Limestone,  and  was  evidently  formed  from 
the  debris  of  an  ancient  shore,  existing  at  a  time  when  the  land 
was  at  a  lower  level  than  now,  and  when  the  sea  washed  right 
up  to  the  base  of  the  cliffs  behind  the  church  and  village  of 
Newton.  Fortunately,  at  the  time  when  I  was  there  a  sewer  was 
being  laid  along  the  road  from  Newton  westward  to  Porthcawl, 
and  Uie  cutting  gave  a  good  section  to  a  depth  of  from  8  to  10  feet. 
Below  the  surface-layer  of  sand  (about  1  foot  thick)  there  is  a 
stratum  of  reddish-brown  loamy  clay  with  pebbles,  about  7  feet 
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thick.  This  rests  on  the  conglomerate,  into  which  the  cutting  did 
not  penetrate  far,  so  that  I  was  unable  to  ascertain  the  thickness  of 
this  bed.  The  strata  are  nearly  horizontal,  perhaps  with  a  very 
slight  westerly  dip,  and  the  conglomerate  seems  to  thin  out  to 
nothing  at  Porthcawl  itself,  where  I  noticed  in  a  cutting  along  one 
of  the  streets,  first  1  foot  of  sand,  below  it  2  to  5  feet  of  brown  clay, 
and  then  hard  limestone,  the  surface  of  which  was  very  irregular 
in  level,  evidently  a  denuded  shore.  The  conglomerate  appears 
again  westward  of  Porthcawl,  but  I  saw  no  object  in  tracing  it 
farther  for  my  present  purpose. 

At  the  base  of  this  stratum  of  conglomerato,  where  it  rests  upon 
the  Carboniferous  Limestone,  there  is  evidently  a  considerable  body 
of  water  flowing  southward  and  seaward,  as  is  proved  by  the 
existence  of  several  &esh- water  springs  wbich  burst  out  along  the 
shore  due  south  of  Newton  Nottage  at  about  half-tide  level.  It  is 
this  underground  water  that  is  tapped  by  the  public  well  which  I 
went  to  examine,  and  also  by  several  other  wells  in  the  village,  now 
covered  over  and  provided  with  pumps. 

The  ancient  dipping-well  itself  is  an  oval  pit,  6|  feet  in  its 
longest  and  4^  feet  in  its  shortest  diameter.  llie  depth  of  the 
bottom  of  the  well  from  the  surface  of  the  ground  is  13|  feet,  and 
the  walling  is  continued  for  about  2  feet  above  the  ground-level, 
and  covered  in  by  slabs  of  stone.  Access  to  the  well  is  afforded  by 
a  covered  flight  of  twenty  steps,  27  feet  long.  There  is  an 
Ordnance  temporary  bench-mark  on  the  stone  slab  covering  the 
entrance  to  the  passage,  from  which  it  appears  that  the  bottom  of 
the  well  is  8  feet  above  Ordnance  datum-level.  The  distence  of  the 
well  from  the  shore  (high-water  mark)  is  500  yards,  as  deduced 
from  the  mean  of  several  pacings  of  the  interval. 

The  point  which  I  wished  especially  to  ascertain  was  the  exact 
relation  (if  any)  of  the  variation  in  level  of  the  water  in  the  well  to 
the  rise  and  fall  of  the  tide.     For  this  purpose  it  was  necessary, — 

(1)  To  ascertain  the  exact  times  of  high  and  low  water.  This 
information  I  obtained  from  the  harbour-office  at  Porthcawl,  the 
distance  between  Porthcawl  harbour  and  the  shore  at  Newton  being 
so  small  (about  1  mile)  that  the  tide-teble  is  practically  the  same 
for  both. 

(2)  To  measure  the  exact  depth  of  water  in  the  well  at  short 
intervals  between  the  time  of  high  water  and  that  of  low  water. 
This  was  done  by  lowering  a  white  deal  rod  vertically  into  the 
water  until  the  lower  end  rested  upon  a  marked  spot  on  the  lowest 
step,  which  was  within  an  inch  or  two  of  the  bottom  of  the  well. 
On  withdrawing  the  rod  it  was  easy  to  note  the  exact  boundary 
between  the  dry  and  the  wetted  portion,  and  a  line  was  at  once 
drawn  there  with  a  pencil,  the  date,  hour,  and  minute  being 
appended.  The  distance  between  the  mark  and  the  lower  end  of 
the  rod  was  then  measured  with  a  foot-rule,  the  result  giving  the 
depth  of  water  above  the  lowest  step  at  the  time  of  observation. 
The  mean  actual  variation  in  level  was  about  30  inches. 
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In  this  way  I  made  nearly  forty  observations  at  intervals  of  one 
honr  (and  in  many  cases  at  the  intermediate  half-hour)  daring 
three  successive  days,  covering  the  periods  of  several  tidal  waves. 
The  conditions  during  this  time  were  very  favourable.  The  tides 
were  slack  and  uniform;  the  weather  was  calm  and  fine;  the 
barometer  did  not  vary  ^  inch  during  the  whole  week ;  and  there 
was  no  rain  to  introduce  a  source  of  error  by  filling  up  the  land- 
springs. 

From  the  results  of  these  observations  I  constructed  the  curve 
shown  in  the  accompanying  diagram  (p.  304),  in  which  the  absciss® 
represent  the  time-intervals  elapsed  since  the  period  of  low  water, 
and  the  ordinates  show  the  depths  of  water  in  the  well  at  the 
corresponding  times.  In  the  upper  part  of  the  diagram  I  have 
drawn  a  curve  representing  the  height  of  the  tide  at  the  same 
times  (reduced  to  the  same  scale),  assuming  that  the  movement  of 
the  tidal  wave  is  regular  and  is  expressed  by  a  symmetrical  curve, 
as  it  would  be  on  that  coast  in  the  absence  of  such  disturbing  causes 
as  wind. 

It  will  be  evident,  I  think,  from  the  diagram  that  the  rise  and 
fall  of  the  water-level  in  the  well  are  as  regular  and  symmetrical  as 
the  rise  and  fall  of  the  tide,  but  that  the  maximum  depth,  or  the 
crest  of  the  wave,  is  3  hours  (-|-  or  —  a  few  minutes  only)  behind 
the  crest  of  the  tidal  wave;  and  similarly  that  the  minimum 
depth,  or  the  trough  of  the  wave,  in  the  well  is  3  hours  (approxi- 
mately) behind  the  trough  of  the  tidal  wave. 

One  slight  irregularity  will  be  noticed  in  the  well-curve,  as 
drawn.  This  is  based  on  one  observation  only,  and  is  sufficiently 
accounted  for  by  the  fact  that  two  large  water-barrels  were  at  the 
time  filled  by  a  pump  connected  with  the  weU,  for  conveyance  to  an 
adjacent  farm.  The  fact  that  the  quick  withdrawal  of  nearly 
100  gallons  of  water  only  lowered  the  water-level  temporarily  by 
about  an  inch  is  a  satisfactory  proof  that  the  well  is  not  fed  by  a 
mere  small  local  spring,  but  is  in  free  communication  with  a  large 
body  of  underground  water.  This  is  further  proved  by  what  I  was 
told  respecting  at  least  two  other  wells  in  the  village  (now  not 
easily  accessible,  else  I  should  have  tested  the  accuracy  of  the  in- 
formation), which  are  reported  to  ebb  and  flow  synchronously  with 
the  well  under  examination. 

Thus  it  woiild  appear  that  the  prevalent  idea  that  the  water- 
level  in  the  well  is  highest  exactly  when  the  tide  is  lowest,  and  lowest 
when  the  tide  is  highest,  is  not  qnit«  correct :  the  real  fact  being 
that  the  water  in  the  well  goes  on  rising  for  no  less  than  3  hours 
after  high  water,  and  ebbing  for  3  hours  after  low  water. 

I  brought  away  with  me  two  samples  of  the  well-water — one 
collected  when  it  was  at  its  lowest  level,  the  other  taken  when 
it  was  at  its  highest  level.  On  subjecting  them  to  analysis,  I 
find  that  there  is  practically  no  difference  in  their  composition. 
This  would  seem  to  prove  that  no  sea-water  finds  its  way  directly 
into  the  well  to  cause  the  ebb  and  flow,  although  the  large  proportion 

Q.  J.  G.  8.  No.  215.  s 
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of  chlorine  (and  therefore  of  salt)  seems  to  point  to  the  fact 
that  some  salt  water  must  come  into  the  well  by  the  ordinary 
process  of  difitoion,  sufficient  to  render  the  well-water  slightly 
brackish,  though  this  is  quite  imperceptible  to  the  taste. 

The  results  of  the  analysis  are  set  forth  below,  and  I  may  mention 
that  they  are  in  close  agreement  with  an  analysis  made  of  the  same 
water  a  few  years  ago  by  Dr.  A.  Vcelcker,  the  details  of  which 
were  furnished  to  me  by  the  kindness  of  Mr.  Edward  Knox,  of 
the  Estates  Office,  Margam  Park,  by  whose  direction  the  analysis 
was  made  (see  Postscript,  p.  306). 

Analysis  of  the  wateb  of  a  well  at  Newton  Nottaob,  collected 
on  October  8th,  1897. 

[The  results  are  expreseed  in  parU  per  100,000.] 

Total  solid  residue    80 

Chlorine 16*4 

[Corresponding  to  27*2  parts  of  sodium  chloride.] 

Sulphates  (the  sulpluLte  radide,  SO4) 5*15 

Calcium     110 

Magnesium    0*76 

Hardness, — 

Temporary 22-8® 

(on  Clark*8  scale,  16^) 

Permanent     17-2° 

(on  Clark's  scale  12°)  

Total  hardness i(P 

(on  CUrk's  scale,  28"") 

The  interpretation  of  the  observations  detailed  above  does  not 
.aeem  to  present  any  serious  difficulty.  It  is  clear  that  there  is,  as 
already  mentioned,  a  large  body  of  water  contained  in  the  basin  of 
Keuper  conglomerate  which  overlies  the  Carboniferous  Limestone 
between  the  ancient  sea-diff  immediately  north  of  the  village  of 
Newton  and  the  present  shore-line.  This  underground  water  is  in 
free  communication  with  the  sea,  along  the  line  where  the  conglo- 
merate crops  out  below  high-water  level  on  the  shore. 

The  tidal  wave,  on  reaching  this  outcrop,  is  taken  up  by  the 
water  in  the  permeable  strata  and  propagated  landwards,  but  with 
a  greatly  diminished  velocity,  owing  to  the  resistance  to  its  motion 
offered  by  the  solid,  though  porous,  stratum  of  conglomerate.  This 
jetardation  is  sufficient  to  cause  an  interval  of  3  hours  to  elapse 
before  the  successive  phases  of  the  wave  (that  is,  crest  and  trough) 
reach  a  point  500  yards  from  the  line  where  the  free  wave  stops 
and  the  subterranean  wave  begins.  Hence  we  have  high  water  in 
the  well  3  hours  later  than  high  water  in  the  sea,  and  low  water 
in  the  well  3  hours  after  the  time  of  low  water  in  the  sea :  the 
■*  establishment '  (as  hydrographers  would  call  it)  of  the  well  being 
3  hours  later  than  that  of  Porthcawl. 

An  illustration  of  a  very  analogous  phenomenon  may  be  adduced 
from  the  science  of  optics.  When  a  series  of  light-waves,  travelling 
in  a  medium  of  low  refractivity,  arrives  at  the  surface  of  a  medium 
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of  greater  density  (optically  speaking),  the  velocity  (though  not  the 
frequency)  of  the  wave  is  lessened,  and  it  takes  a  longer  time  to 
reach  a  given  point  in  the  denser  medium  than  it  would  have  done 
if  its  course  had  heen  continued  in  the  rarer  medium. 

Postscript. 

[Akaltsis  of  the  water  of  the  tidal  well  at  Newton  Nottaoe, 
made  ahout  the  year  1889  hy  Dr.  YoBlcker,  for  the  special  purpose^ 
of  ascertaining  its  quality  as  a  water  for  drinking  purposes. 

(The  results  are  expressed  in  grains  per  gallon,  or  parts  in  70^000.) 

Total  solid  residue   60*48 

Oxidizable  organic  matter   0*15 

Chlorine 16*98 

(Equal  to  chloride  of  sodium 26*35) 

Nitric  acid,  as  nitrates 2*62 

Hardness,  according  to  Clark's  scale 26*4° 

The  water  also  contained, 

Free  ammonia 0*0005 

Albuminoid  ammonia...    0*0025 

The  foregoing  analysis  is  inserted  hy  kind  permission  of  Mr.  Knox. 
—May  3l8t,  1898.] 

DisoirssioN. 

Mr.  J.  G.  Wood  considered  that  the  observations,  valuable  so  far 
as  they  went,  required  to  be  continued,  over  a  more  extended 
period  and  under  more  varying  conditions  of  tide,  before  any  definite 
conclusion  could  be  arrived  at.  The  diagram  assumed  an  uniform 
interval  of  12  hours  between  low  water  and  low  water.  This 
would  be  nearly  correct  at  spring  tides,  but  much  too  short  at 
neap  tides.  Again,  the  rise  and  fall  at  spring  tides  would  be  about 
20  feet  more  than  at  neap  tides.  It  was  essential  to  correlate  all 
such  variations  of  tide  with  the  fluctuations  of  the  well. 

As  another  instance  of  fresh  water  fluctuating  inversely  with  the 
tide,  the  speaker  referred  to  the  wells  at  Perim  described  by 
Mr.  Moore  in  the  Woolhope  Club  Transactions  for  1892 ;  and  he 
also  mentioned  a  well  at  Chepst'OW,  described  by  himself  in  the 
same  volume,  which  was  commonly  said  to  ebb  and  flow  in  like 
manner.  In  fact  it  does  not  ebb,  but  can  be  pumped  dry,  and  will 
remain  dry  while  the  tide  is  in.  The  increase  of  pressure  on  a 
fault  which  fed  the  well  was  the  probable  cause  of  its  temporary 
failure.  Similar  causes  might  possibly  be  at  work  at  Newton 
Nottage,  owing  to  the  complications  of  the  strata  in  the  district. 

Dr.  Churchward  asked  whether  there  was  any  iodine  or  bromine 
found  on  analysis  of  the  water.  He  also  wished  to  know  the 
depth  from  which  the  samples  of  the  water  were  taken  in  the  well. 
One  would  consider  this  of  some  importance,  as  tending  to  show 
whether  the  sea-water  had  percolated  or  diffused  through  the  fresh 
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well-water  source.  Probably  the  water  at  the  bottom  of  the  well 
would  only  show  whether  the  above-named  ingredients  were  there. 

Mr.  LoBLKT  addnced  the  fact  that,  at  a  long  distance  from  the  sea^ 
the  Woodhall  Spa  spring  of  Lincolnshire  contains  a  large  amount  of 
iodine  and  bromine. 

Mr.  St&ahan  said  that  he  had  been  aware  for  some  time  of  the 
•ezistenoe  of  these  phenomena  in  the  Newton  Nottage  well,  and  was 
glad  to  have  been  furnished  with  such  precise  observations  and  so 
«lear  an  explanation.  It  would  seem  that  a  similar  rise  and  fall  of 
water  must  take  place  in  any  rook-cavity  communicating  with  the 
sea,  and  that  the  movement  must  lag  behind  the  tide  in  proportion 
to  the  constriction  of  the  communicating  passage.  He  thought  that 
the  trace  of  salinity  in  the  water  was  due  to  the  sea,  although  the 
anthor^B  analysis  showed  no  bromine  or  iodine:  for,  in  walking 
along  the  shore  in  that  neighbourhood,  he  had  seen  sesrwater 
issuing  copiously  from  fissures  and  holes  in  the  conglomerate 
long  after  the  retreat  of  the  tide.  He  hoped  that,  if  oppoilunity 
offered,  the  Author  would  make  further  observations  on  the 
influence  of  both  spring  and  neap  tides  upon  the  movements  in 
the  welL 

The  Pbesidknt  also  spoke. 
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26.  The  PuocEiTB  Dbpobits  of  the  East  of  Engiakd  :  The  Lbithax 
Bbds  and  the  Coballikb  Craq.  By  F.  W.  Harmeb,  Esq.,  F.G.S, 
(Read  March  9th,  1898.) 

I.  IVTBODVOnOV. 

Thx  Pliocene  deposits  of  the  East  of  England  have  been  studied  for 
many  yean,  and  by  many  competent  observers,  but,  anfortunatdy, 
no  general  consensus  of  opinion  has  been  arrived  at,  either  as  to 
their  systematic  arrangement,  or  the  conditions  under  which  they 
originated :  the  views,  for  example,  of  Sir  Joseph  Prestwich,  which 
have  obtained  considerable  acceptance,  differing  in  many  important 
respects  from  those  of  the  equally  eminent  authorities  Mr.  Searles  Y. 
Wood  and  his  son. 

Prestwich,  in  his  well-known  paper,'  divided  the  Coralline  Crag 
into  eight  constant  and  determinable  zones,  and,  on  the  other  hand^ 
regarded  the  Red  Crag  as  forming  two  divisions  only :  the  lower, 
induding  the  deposits  of  Walton-on-the-Naze,  Sutton,  Bawdsey, 
Butley,  Sudboume,  and  Aldeburgh,'  and  the  upper,  consisting  of 
what  he  originally  called  *  the  unfossiliferous  sands  of  the  Crag ' 
(now  believed  to  be  a  part  of  the  deposit  which  has  been  deprived 
of  its  sheUs  by  the  infiltration  of  water  containing  carbonic  acid)' 
and  of  the  Chillesford  Beds.  The  Norwich  Crag,  with  which  he 
grouped  some  deposits  containing  Tellina  haUhica^  he  held  to  be 
equivalent,  partly  to  his  lower  (namely,  to  the  Crag  of  Walton, 
Sutton,  Butley,  etc.),  and  partly  to  his  upper  or  Chillesford 
division.^ 

I  still  hold,  for  reasons  to  be  given  hereafter,  that  there  is  no 
sufficient  evidence  for  dividing  the  Coralline  Crag  into  the  eight 
zones  proposed  by  Prestwich;  indeed,  I  now  believe  that  the 
tripartite  arrangement,  formerly  adopted  by  Mr.  Wood,  jun.,  and 
myself,'  can  be  no  longer  maintained,  and  that  the  Coralline 
Crag  is  practically  one  formation,  of  the  same  character,  and 
deposited  throughout  under  similar  conditions.  With  a  series  of 
beds  60  feet  in  thickness,  there  is,  however,  necessarily  some 
difference  in  age  between  those  which  occur  at  any  one  place  in 
vertical  section. 

As  to  the  Red  Crag,  the  facts  which  I  propose  to  offer  in  a 
succeeding  paper  will  show,  I  think,  that  the  division  of  this 
formation  into  four  zones,  proposed  by  S.  V.  Wood,  sen.,  in  1866,* 
represented  by  the  deposits  occurring  at  Walton,  Sutton,  Butley,  and 

^  Quart  Journ.  Geol.  Soo.  toI.  zzyii  (1871)  p.  121,  fig.  4. 

»iWrf.p.354. 

'.Wood  k  Harmer,  and  Whiteker,  t^.  voL  xxxiii  (1877)  pp.  75  k  122. 

*  nnd.  Tol.  xxTii  (1871)  pp.  471-7a 

ft  Suppl. '  Crag  MoUuflca,'  Introd.  p.  iii,  Monogr.  Palieont.  See.  1872. 

'  Quart.  Journ.  G^L  Soo.  toL  xxii,  p.  538. 
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Ohillesford  respectively,  still  holds  good,  and  further  that  there  are 
Red  Grag-heds  which  do  not  exactiy  correspond  with  those  found 
at  any  of  these  localities,  which  may  therefore  he  conveniently 
separated  from  them.  The  various  Bed  Crag-beds  are,  in  my 
opinion,  the  marginal  accumulations  of  a  sea  gradually  retreating 
northward  and  eastward,  in  consequence  of  the  earth-movementa 
described  in  my  paper  on  *  The  Pliocene  Deposits  of  Holland.'* 
The  molluscan  £a,una  of  the  different  exposures  of  the  Hed  Crag 
assumes  a  more  recent  and  a  more  boreal  character  as  we  trace  them 
successively  in  a  north-easterly  direction,  and  they  arrange  themselves 
therefore  in  horizontal  rather  than  in  vertical  sequence. 

I  still  consider  that  the  Crag  of  Norfolk  and  of  the  northern  part 
of  Suffolk  is  newer  than  any  part  of  the  Ked  Crag,  except  perhaps 
that  which  occurs  in  the  upper  part  of  the  section  in  the  Stack- 
yard pit  at  ChiUesford  ;  and  that  the  Weybourne  and  Belaugh  beds> 
containing  TeUina  halthica,  mark  a  yet  more  recent  horizon  of  the 
PHocene  period. 

Early  in  Bed  Crag  times,  I  believe,  the  communication  which 
had  previously  existed  between  the  North  Sea  and  the  English 
Channel  was  interrupted,^  and  in  consequence  southern  species  of 
mollusca  became  by  degrees  less  abundant  in  the  former,  and 
finally  disappeared  from  it,  while,  coincidently,  an  invasion  of  the 
Crag  area  by  boreal  and  arctic  forms  took  place.  Hence,  if  we  can 
trace  out  the  history  of  the  gradual  disappearance  of  the  southern, 
and  of  the  gradual  arrival  and  increasing  abundance  of  the  northern 
shells,  and  if  we  can  ascertain  the  relative  proportion  of  these  different 
groups  at  different  localities,  we  shall  have  the  material  at  hand  for 
correctly  classifying  the  various  beds  of  the  Upper  Crag. 

The  old  lists  of  the  Crag  mollusca  as  a  rule  did  not  distinguish 
between  the  rare  and  the  abundant  species,  and  therefore  the  con- 
clusions drawn  from  them  are  not  wholly  reliable.  To  attach  the 
same  importance,  for  the  purpose  of  analysis,  to  a  species  of  which  a 
single  specimen,  or  at  the  most  a  very  few,  may  have  been  discovered 
as  the  result  of  the  labours  of  nearly  a  century,  as  to  one  of 
which  a  hundred  specimens  may  be  easily  obtained  in  the  course  of 
a  few  minutes,  is  obviously  misleading.  The  collections  in  our 
museums  are  not  so  instructive  as  they  would  be  if  the  efforts  of 
collectors  were  not  so  largely  directed  to  the  acquisition  of  rare 
species  and  of  perfect  specimens.  From  a  geological  point  of  view, 
it  is  the  abundant  rather  than  the  rare  species  which  are  important, 
and  shells  which  are  seldom  found  in  collections,  as  it  is  diflScult  to 
obtain  them  whole,  are  sometimes  among  the  most  characteristic  of 
the  deposit  in  which  they  occur.  In  order  to  ascertain  the  age  of 
a  bed  or  the  character  of  its  fauna,  it  is  necessary  to  count  speci- 
mens, so  to  speak,  rather  than  specif. 

Much  more  attention  than  formerly  has  been  paid  of  late  years  to 
this  point,  but  the  Crag  mollusca  as  a  whole  have  not  been  so  dealt 
with.     In  the  lists  which  I  hope  to  publish  with  my  next  paper,  I 

^  Quart.  Journ.  Geol.  Sec.  vol.  lii  (1896)  p.  74a 

*  See  alBO  Prestwich,  Quart.  Journ.  Geol.  Soo.  toI.  xiv  (1858)  p.  331. 
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shall  attempt  to  distiDguish  between  those  f  onns  which  I  think  may, 
and  those  which  may  not  be  considered  as  representative  of  ea^ 
bed.  It  is  difficult  in  some  cases  to  know  where  to  draw  the 
line,  and  possibly  the  experience  of  other  collectors  may  not  always 
coincide  with  my  own ;  I  hope,  however,  that  reliance  may  be  placed 
on  the  general  conclusions  to  be  drawn  from  my  lists. 


XL  The  Lenham  Beds. 

Our  knowledge  of  the  Lenham  fossils  is  principally  due  to  Mr. 
Clement  Beid,  who  from  the  most  unpromising  material  has  suc- 
ceeded in  obtaining  from  that  locality  a  collection  of  61  species  of 
mollusca,  not  including  6  as  to  the  identification  of  which  he  is  in 
doubt.'  This  list,  though  doubtless  containing  but  a  small  propor- 
tion of  the  molluscan  fauna  of  the  period,  may  possibly  be  considered 
as  fairly  representing  it'  The  67  species  named  belong  to  50 
genera,  and  they  are  more  or  less  of  a  character  similar  to  those  found 
in  the  Coralline  Crag.  With  the  exception  of  15  (or  23  per  cent.), 
th^  aU  occur  in  that  deposit. 

Li  the  work  just  mentioned '  Mr.  Eeid  groups  the  Lenham  Beds 
with  the  sands  of  Louvain  and  Diest,  and  with  the  fossiliferous  strata 
of  Antwerp  and  Utrecht,  and,  taking  them  as  a  whole,  he  considers 
that  they  are  of  the  same  age  as,  or  even  slightly  newer  than,  the 
Coralline  Crag.  I  have  given  elsewhere  my  reasons  for  believing 
that  some  of  the  strata  met  with  in  the  Utrecht  boring,  regarded  by 
Dr.  Lori^^  as  Diestien,  belong  to  the  Scaldisien,  that  is,  to  a  more 
recent  formation,'  and  I  do  not  think  that  any  of  them  are  as  old  as 
those  of  Lenham.  The  sands  of  Diest  and  Louvain,  including  the 
zone  ii  Terehrattda  ffrandis,  are  now  believed  by  Belgian  geologists, 
and  I  think  with  reason,  to  be  older  than  the  Antwerp  beds  (zone  k 
Isoeardia  cor).  It  is  the  latter  zone  only,  and  not  the  whole  of  the 
deposits  generally  known  as  Diestien,  which  represents,  I  consider, 
the  Coralline  Crag  of  Suffolk,  87  per  cent,  of  the  mollusca  from 
the  Isocardta-hedB  occurring  also  in  the  latter.  On  both  paleeonto- 
logical  and  stratigraphical  grounds,  I  believe  that  the  Lenham  Beds, 
although  undoubtedly  of  Pliocene  age,  as  held  by  Prestwich  and 
Wood,  may  be  considerably  older  than  the  Coralline  Crag. 

^  Mem.  €^1.  Suit.  *  Pliocene  Deposits  of  Britain/  1890. 

*  [In  the  discussion  which  followed  the  reading  of  this  paper,  Mr.  Beid 
suggested  that  if  the  smaller  forms  of  the  Lenham  fauna  were  known,  its 
general  character  mip;ht  appear  to  be  different  He  considers  that  *  the  smaller 
mollusca  pnerally  give  a  larger  percentage  of  persistent  forms.'  I  doubt  this 
TCiy  much.  An  examination  of  the  molluscan  fauna  of  the  Coralline  Orag, 
the  other  depofdt  in  question,  does  not  seem  to  me  to  lend  any  support  to  Bum 
a  Tiew.— May,  189a] 

»  Op.  cit,  p.  67. 

*  'Oontrih.  k  la  G6ol.  des  Pays-Bas,'  No.  1,  Extr.  dee  ArchiTes  du  Muste 
TflTler,  Haarlem,  ser.  ii,  toI.  ii  (1885). 

*  Quart.  Joum.  GleoL  Soo.  vol.  lii  (1896)  p.  762.  It  does  not  seem  to  me 
that  any  of  the  Pliocene  deposits  described  by  Dr.  Lori6  are  older  than  the 
Coralline  Crag. 
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The  names  of  ihe  15  species  foand  at  Lenham,  but  not  in  the 
Coralline  Crag,  are  as  follows : — 


ExTiivcT  Forms. 

MiOCBNB. 

Italian 
Pliocsnb. 

Rbd  Orao. 

Terebfxtacuminata,  "Bon, 

» 
» 

? 

* 
* 

possibly 
denrative. 

TViton  heptoffonum^  JBroo 

Pleurotoma  consobrinaf  I^IL   

„         Jouanetti,  Desm 

fttm/lfra.  NvBt  ^  

XenophorUt  sp 

Pectetif  sp.  nov 

„       sp.  nov 

CardiuTn,  sp.  nor 

Tellina  Benedenii,  Nyst  *    

Southern  Forms. 

* 

Area dUHvU^Tjuxw^    x ^.  .  ... 

* 

Gastrana  fraoiliSf  lAnn 

NoRTUIRir  AXD  SOUTUBEN. 

Nucula  »tdcatat  Bronn     

* 

Trockus  cinerariuSf  Linn.  (North  African) 

# 

Besides  employing  the  time-honoured  method  of  testing  the 
4)omparative  age  of  any  Tertiary  horizon,  namely,  by  observing  the 
proportion  between  its  recent  and  extinct  shells,  we  may  go  a  step 
farther  back,  and  enquire  what  percentage  were  survivors  from 
■earlier,  that  is  from  Miocene  seas,  or  may  have  existed  at  the  same 
period  elsewhere,  under  different  conditions,  in  deposits  which, 
though  contemporaneous,  are  not  homotaxial. 

The  resemblance  of  the  moUuscan  fauna  of  the  Coralline  Crag  to  that 
•of  the  Mediterranean  at  the  present  day  has  often  been  emphasized, 
but  a  similar  correspondence  exists,  and  for  the  same  reason,  between 
the  moUuscan  fauna  of  the  Miocene  deposits  of  Northern  Europe 
And  that  of  the  Pliocene  of  Italy  and  Sicily.  Many  species  which 
flourished  in  the  North  Sea  during  the  Coralline  Crag  period  have 
now  become  extinct  there,  but  they  continue  to  exist  in  the  Medi- 
terranean ;  so,  dealing  with  an  earlier  period,  we  find  that  a  large 
number  of  mollusca  occurring  in  the  Belgian'  and  North  German 
Miocene,*  which  had  disappeared  irom  tiiese  latitudes  before  the 

^  Found  also  in  the  Diestien  Beds  of  Belgiam. 

^  Van  den  Broeck,  'Esqoisse  O^L  A  Paltent.  des  D6p6ts  Plioo.  d'AnTen,' 
1876,  p.  40,  etc 

'  Yon  KoBnen,  'Mioc.  Nord-Deatsohl.  u.  sdne  Molluskenfauna,'  Oasiel, 
1872 ;  Stuttgart,  1882. 
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deposition  of  the  Ck>ralline  Crag,  still  survived  in  the  older  Pliocene 
seas  (Piacentian)  of  Southern  Enrope.^  The  Pliocene  deposits  of  the 
Mediterranean  thus  represent,  in  a  sense,  an  older  fauna  than  do 
those  of  similar  age  in  the  Anglo-Belgian  hasin.  Now,  not  only 
do  the  Lenham  Beds  contain  a  somewhat  larger  percentage  of 
extinct  species,  hut  they  are  more  closely  connected  with  the 
Miocene  on  the  one  hand,  and  the  Pliocene  of  the  Mediterranean 
on  the  other,  than  is  the  Coralline  Crag,  as  shown  by  the  following 
numbers : — 

Species  Occurring  in  In  the  Pliocene 

still  Miocene  of  the 

existing.  depoeite.  Mediterranean. 

Lenbam 67  per  cent.  75  per  cent  72  per  cent 

Coralline  Crag ...    61        »,  59      „  61       ,» 

These  three  independent  methods  of  testing  its  fauna  agree  ii» 
indicating  that  the  Lenham  Beds  are  older  than  the  Coralline  Crag. 
In  the  foregoing  comparison  I  have  taken  only  the  more  abundant 
species  of  the  latter.  If  the  rarer  forms  had  also  been  included,  the 
difference  between  the  two  deposits  would  have  been  still  greater.. 
The  Hst  of  Lenham  mollusca  is  not  likely  to  contain  any  but  species 
which  are  more  or  less  characteristic. 

The  view  that  the  Lenham  deposit  is  older  than  the  CoraUine 
Crag  seems  to  be  confirmed  by  a  more  particular  examination  of  its 
moUuscan  fauna.  In  addition  to  the  species  enumerated  in  the  pre- 
ceding table  (p.  311)  we  find  at  Lenham  the  following  similarly 
characteristic  Miocene  or  Italian  Pliocene  forms,  namely : — 

Fu9us  lamelloaua,  Bors.  I  Cancellaria  contorta.  Bast. 

Pynda  reticulaUi,  Lam.        |  Hinnites  Cortesyi,  Defr. 

These  occur  but  rarely  in  the  Coralline  Crag,  and  were  probably 
banning  to  die  out  in  the  Anglo-Belgian  area  during  its  deposition-. 
There  is  one  species,  however.  Area  diluvii  (which  Mr.  Reidinform9> 
me  is  one  of  the  most  abundant  Lenham  fos^sils),  the  presence  of 
which  at  that  locality  is  specially  significant.  This  mollusc,  widely 
diffused  during  the  Miocene  epoch,  and  very  common  in  the  Bolderiea' 
of  Belgium,  seems  to  have  disappeared  from  the  North  8ea  before 
the  Coralline  Crag  period,'  no  trace  of  its  existonce  having  been 
met  with  either  in  that  formation  or  in  any  of  the  Diestien  deposits- 
of  Belgium  or  Holland,  but  it  still  continued  to  inhabit  the  Medi- 
terranean during  the  Pliocene  era,  as  it  does  to  this  day. 

Another  species,  Cardium  papillosum,  may  be  also  mentioned. 
This  Miocene  and  sonthem  form,  existing  in  the  Mediterranean- 
both  in  Pliocene  times  and  at  present,  is  unknown  from  any  of  the 
Pliocene  deposits  of  Belgium  or  East  Anglia,but  it  is  one  of  the  most 
abundant  Lenham  fossils.  It  may  be  noticed,  on  the  other  hand, that 
the  different  species  of  Asiarte,  which  occur  in  the  Coralline  Crag  in 

'  Am  the  climate  of  the  Pliocene  period  changed,  certain  species  died  out,  but 
they  continued  to  exist  longer  in  southern  than  in  northern  latiiudee. 

'  Area  diluvii  is  said  by  MM.  Yiellard  &  Dollfus  to  occur,  but  onlj  in 
the  oldest  portion  of  the  Pliocene  of  Normandy, '  Etude  Q66L  snr  les  Terrains- 
Or6t.  et  Tert  du  Ootentin/  Caen,  1875,  p.  154. 
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suoh  oountless  proftision,  are  eqnaUj  rare  at  Lenham  and  in  the 
Miocene  deposits  of  Belgium. 

The  fauna  of  the  Isocardia  car-beds  of  Belgium,  which  resembles 
so  dosely  that  of  the  Coralline  Crag,  presents,  on  the  contrary,  no 
such  marked  afllnities  with  the  Miocene  and  the  Italian  Pliocene 
deposits. 

While  thus  the  Lenham  feiuna  contains  at  least  13  (out  of 
61)  characteristic  Miocene  or  Italian  Pliocene  species,  unknown 
or  rare  in  any  North  Sea  deposit  later  than  the  Miocene,  not  a 
single  mollusc  (the  undescribed  forms  perhaps  excepted)  has  been 
met  with  at  Lenham  which  has  not  also  been  found  in  beds  as 
old  as  the  Coralline  Crag.  The  mollusca  occurring  at  Lenham,  but 
not  in  the  latter,  are  therefore  almost  entirely  of  an  older  rather 
than  of  a  newer  type,  10  out  of  the  15  before  mentioned  being 
extinct  and  3  southeru. 

The  evidence  of  the  Lenham  polyzoa  is  not  of  great  value,  2  species 
only  being  known  to  Mr.  Eeid,  but,  so  far  as  it  goes,  it  points 
in  the  same  direction.  One  of  these,  Faseicularia  aurantiumf  is 
extinct,  and  the  other,  Cupularia  canariensis,  a  form  still  existing, 
ranges  no  farther  north  than  Madeira  or  the  Canaries.  The  poly- 
zoan  fauna  of  the  Coralline  Crag,  on  the  contrary,  includes  many 
species  which  are  found  in  British  seas. 

Mr.  Eeid  indeed  insists  that  the  fossils  from  Leuham  present  a 
more  decidedly  southern  (but  therefore,  I  suggest,  older)  facies 
than  do  those  of  any  other  of  the  recognized  Pliocene  deposits 
of  the  Anglo-Belgian  area.  The  present  distribution  of  mollusca 
in  the  British  seas  seems  to  be  largely  due  to  tidal  currents  which 
carry  forward  the  free-swimming  larvsB  as  far  as  their  iufluence 
extends.  As  will  be  seen  hereafter,  the  tidal  currents  which 
reached  the  Coralline  Crag  area  probably  came,  not  from  the 
north,  but  from  the  south — that  is,  from  the  direction  of  Lenham. 
It  seems,  therefore,  to  me  more  reasonable  to  suppose  that  the 
southern  and  Miocene  forms  found  at  Lenham,  bat  not  in  the 
Coralline  Crag,  had  died  out  in  these  latitudes  previously  to  the 
deposition  of  the  latter,  than  that  two  faunas  differing  so  consider- 
ably one  from  the  other  should  have  co-existed  in  the  same  basin, 
and  under  similar  conditions  as  to  current-action,  within  60  miles 
of  each  other.  No  such  difference  in  geographical  distribution  as 
this  is  known  to  occur  in  British  seas  at  the  present  day. 

The  question  of  the  origin  of  the  *  boxstones '  found  in  the 
nodule-beds  at  the  base  of  the  Coralline  and  Bed  Crags  may  be 
conveniently  discussed  at  this  point.  They  are  composed  of  fine 
ferruginous  material,  not  unlike  that  of  some  of  the  Diestien  or  the 
Lenham  sandstones,  and  are  rounded  and  waterwom,  resembling 
in  shape  the  beach-pebbles  of  flint  now  found  in  places  on  the 
Norfolk  coast.  Mr.  Eeid  believes  that  they  have  been  derived  from 
a  single  horizon,  which  is  not  of  Miocene  age,'  and  with  this  con- 

^  Mem.  GeoL  Surr.  1890.  '  Pliocene  Deposits  of  Britain/  p.  12,  eto.  See^ 
also  Bay  Lankester,  Quart.  Journ.  Cbol.  Soo.  vol.  xxri  (1870)  p.  500. 
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dusion  I  agree  entirely.  The  mollosca  obtained  from  ihe  boxaiones, 
although  not  identical  with  those  from  Lenham,'  are  generally  of  a 
similar  character,  including  Conus  Jh^rdinU^*  Noma  conglobaia^ 
Voluta  auris'Uporis,  and  Isocardia  luntUata  (characteristic  fossils 
of  the  Miocene  deposits  of  the  North  Sea,  or  of  those  which  I  r^;ard 
as  to  some  extent  representing  them,  namely,  the  Pliocene  deposits 
of  the  Mediterranean),  associated  with  other  forms  of  a  more  modem, 
but  still  Coralline  Crag  type. 

The  marine  vertebrata  of  the  nodule-beds  include  also  a  similar 
admixture  of  Miocene  and  Pliocene  forms,  as,  for  example,  Herptto* 
ceiut  scaldieTms^  Moplocetus  eraistdens,  and  Squalodan  arUwerpiemU^ 
said  to  occur  in  the  Bolderien  deposits  of  Antwerp  together  with 
species  of  Diestien  age.' 

Thus  the  boxstone  fauna  seems  to  be  much  of  the  same  inter- 
mediate character,  between  those  of  the  Miocene  of  Belgium  and 
of  the  Coralline  Crag,  as  is  that  of  Lenham ;  and  I  am  inclined  to 
agree  with  Prof.  Ray  Lankester  that  it  is  from  a  former  extension 
of  a  deposit  of  similar,  though  possibly  not  identical  age,  that  the 
boxstones  and  some  other  extraneous  fossils  found  in  the  nodule- 
beds  have  been  derived.* 

The  stratigraphical  evidence  lends,  I  think,  some  support  to  this 
hypothesis.  It  has  been  often  pointed  out  that  the  Lenham  Beds 
are  connected  by  a  chain  of  outliers  with  the  sands  of  Louvain  and 
Diest,  and  they  are  probably  contemporaneous  with  some  part  of 
them.  The  upheaval  which  has  affected  these  deposits  has  been 
greatest  in  Kent,  where  they  occur  620  feet  above  the  sea-level ; 
but  their  height  becomes  gradually  less,  until  at  Louvain  it  is  barely 
200  feet.  They  have  been  everywhere  extensively  denuded,  except 
east  of  Louvain  (see  map,  ^g,  1,  p.  316),  where  they  cover  the 
country  with  a  continuous  sheet ;  but  they  dip  towards  the  north- 
west, and  beyond  Malines  disappear  under  newer  beds. 

Since  the  publication  of  my  paper  on  the  Pliocene  deposits  of 
Holland,  an  important  communication  from  the  pen  of  M.Rutot,  the 
distinguished  Belgian  geologist,  has  appeared,'  with  maps  showing  the 
probable  extension  of  the  North  Sea  over  Belgium  at  tiie  commence- 
ment and  towards  the  end  of  the  Diestien  period ;  the  boundaries 
there  given  I  have  reproduced  in  the  accompanying  map  (fig.  1)  by 
the  kind  permission  of  M.  Eutot  That  to  the  south  indicates  the 
southern  margin  of  the  sea  in  which  an  earlier  part  of  the  formation, 
namely,  the  sands  of  Louvain  and  Diest,  zone  &  TerebrattUa  grandis 
(and,  as  I  think,  of  Lenham),  originated,  and  that  to  the  north  the 
limits  of  the  basin  of  the  later  portion,  the  zone  ii  Isocardia  car. 

As  the  earth-movements  which  affected  Holland  and  Belgium  were 

^  The  Lenham  fauna  roust  have  contained  many  species  which  are  not  at 
present  known  from  that  locality. 

*  Conus  Dtijardinii  occurs  also  in  the  older  portion  of  the  Diestien  beds 
of  Belgium  (sone  4  Ter^atiila  grandis), 

*  Van  den  Broeck,  'Esquisse  Q6ol.  &  Pftl6ont  des  D^p6tsPlioc.  d'Anvars,' 
pp.  68  Sl  120. 

*  Quart  Journ.  Geol.  Soc.  vol.  xxvi  (1870)  ^  601. 

*  '  Les  Oriffines  du  Quatemaire  de  la  Belgique/  M^m.  Soc  Beige  de  G(toL 
ToL  xi  (1897)  p.  1. 
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felt  also  in  this  ooantry,  it  may  be  that  in  the  width  of  the  belt  of  the 
Diestien  sands  between  Louvain  and  Malines  we  have  an  approxi- 
mate measure  of  the  recession  of  the  sea  which  took  place  in 
England  between  the  Lenham  and  the  Coralline  Crag  periods,  and 
I  have  ventured  so  to  show  it  on  the  map.  If  this  view  be  correct, 
it  is  not  difficult  to  understand  .that  the  cliffs  which  fringed  the 
southern  shore  of  the  Coralline  Crag  sea  may  have  included  beds  of 
Lenham  or  approximate  age,  from  the  destruction  of  which  the 
beach-pebble-like  boxstones  were  derived.  They  could  hardly  have 
come  from  a  Miocene  source.  There  is  no  indication  that  the  sea 
of  the  Bolderien  period  approached  the  shores  of  East  Anglia,  or 
that  it  was  connected  with  the  Atlantic  towards  the  south-west.^ 
It  was  not  until  after  the  close  of  the  Miocene  epoch,  and  in 
consequence  probably  of  the  great  disturbances  which  then  ensued, 
that  the  German  Ocean  encroached  upon  the  land  over  the  east  of 
Belgium  and  the  Pas-de-Calais,  towards  Kent,  opening  up  com- 
munication with  seas  to  the  south-west.'  Moreover,  the  elevation 
of  the  southern  part  of  the  Tertiary  basin  was  accompanied  by  a 
corresponding  depression  towards  the  north,  so  that  the  Miocene 
strata  of  Belgium  were  at  that  period,  in  all  probability,  submerged 
and  covered  by  Diestien  beds,  and  so  protected  from  denudation. 

It  is  difficult,  therefore,  from  a  stratigraphical  point  of  view,  to 
find  any  other  source  for  the  boxstones  than  the  older  Pliocene 
sandstones  of  the  South  of  England,  which,  like  some  part  of  the 
sands  of  Louvain,  had,  I  consider,  been  elevated  into  land  before 
the  deposition  of  the  Coralline  Crag.  Originating,  probably  in  the 
first  instance,  as  beach-pebbles,  the  boxstones  may  have  travelled 
as  littoral  drift  along  the  western  margin  of  the  Crag  sea,' 
or  they  may  have  been  brought  to  their  present  resting-place  by 
the  southern  currents  then  prevailing.  It  should  be  noticed  that 
they  occur  almost  entirely  in  one  part  of  the  Crag  district.  That 
they  are  found  in  the  same  area  under  both  the  Coralline  and  the 
Bed  Crags  seems  a  difficulty,  because  those  two  formations  must 
have  originated  under  different  conditions.   Possibly  the  nodule-bed 

^  I  haTO  indicated  in  the  map  (fig.  1.  p.  316)  the  southern  and  western  lioiita 
of  the  Bolderien  sea,  according  to  M.  Rutot 

'  It  may  be  noticed  that  in  the  Coralline  Crag  Mix>cene  shells  occur  which 
•re  found  in  the  Faluns  of  Touraine,  but  are  not  known  from  the  Belgian 
and  North  Gkrraan  Miocene. 

'  The  travel  of  the  beach  along  the  south  coast  of  England  is  now,  as  it 
always  must  hare  been,  from  west  to  east— that  is,  in  the  direction  of  the  flowing 
tide.  '  The  head  of  the  tide.'  namely,  the  ]>oint  at  which  the  tidal  currents 
running  down  the  eastern  coast  of  England  and  up  the  English  Channel  meet 
(see  Kinahan,  Quart.  Joum.  Geol.  Soc.  Tol.  xxxiii.  1877,  p.  31),  is  situated  at 
present  in  the  immediate  neighb  >urhood  uf  the  Straits  of  Dover.  If  the  North 
§ea  during  the  Coralline  Crag  period  was  less  open  to  the  north  than  it  is  at 
present,  as  seems  probable  (see  p.  351),  the  position  of  the  head  of  the  tide 
would  have  been  situated  farther  north  than  it  is  now,  and  the  influence  of  the 
tidal  currents  from  the  south  would  then  have  been  felt  off  the  coast  of  SuflTolk. 
The  fact  that  southern  currents  do  not  now  penetrate  to  any  extent  into  the 
German  Ocean  is  probably  the  reason  why  so  few  of  the  southern  species  of 
molluBca  found  in  the  English  Channel  and  on  the  western  coast  of  England 
occur  on  the  shores  of  Norfolk.  (Bee  Trans.  Norfolk  &  Norwich  Nat.  Soc. 
1871-72,  p.  42.) 
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was  aocnmulated  previously  to  the  deposition  of  the  CoralliDO  Crag, 
or  oliffs  of  older  Pliocene  sandstones  may  have  continued  to  exist 
along  the  south-western  margin  of  the  C^rag  sea  during  a  part  of 
the  Bed  Crag  period* 

If  the  conclusions  to  which  the  facts  here  enumerated  seem  to  point 
be  correct,  the  Lenham  Beds  may  be  considerably  older  than  the 
Coralline  Crag,  these  two  deposits  being  separated  from  each  other 
by  an  interval  sufficiently  long  to  aUow  for  the  consolidation  and 
subsequent  denudation  of  the  former,^  as  well  as  for  the  disappear- 
ance from  the  Anglo- Belgian  basin  of  a  number  of  species  of 
mollusca  which  abounded  in  it  during  the  Miocene,  and  continued 
to  do  so  until  the  earlier  part  of  the  Pliocene  period. 

Although  the  Lenham  Beds  are  connected  stratigraphically  with 
the  sands  of  Louvoin  and  Diest,  the  molluscan  faunas  of  the  two 
deposits,  while  presenting  some  resemblance,  are,  as  to  individual 
species,  by  no  means  identical.  The  difference  may  be  due  to  the 
fact  that  the  collection  of  fossils  from  either  is  small,  and  therefore 
imperfect;  or  the  Diestien  Sands  may  represent  a  considerable 
period,  and  the  fossiliferous  beds  which  they  contain  may  be  of  a 
somewhat  later  age  than  the  Lenham  deposit.  Fossil  shells  are 
not  common  in  these  sands,  and  when  they  do  occur  it  is  in  the 
form  of  casts,  which  is  also  the  case  at  Lenham. 

The  species  known  from  the  Diestien  Sands  (zone  ii  Terebratula 
grandia)  are  the  following : — 

List  of  Mollusca  fbom  the  Diestibk  Sands  of  BELaiuii. 


W. , 


VbltUa  Lamheriit  Sow. 
Nassa  labiosa,  Sow.    ... 

„     re/tcoM,  Sow.  ... 

„     var.  eUmgata^  S.  V. 
Pyrula  reticulata,  Linn. 

t\  Cassis  Sahurofiy  Brug , 

Bucdnopsis  Dalci^  Sow 

Murex  scalariformis^  Nyat    , 

Trophon  eonsocialis,  S.  V.  W.  .. 

F^uus  gracilis,  Dti  CostA  

TUwrdftma  crassa,  A.  Bell  , 

C&nus  DujardinU,  Desh 

Pleurcfoma  inermis^  Fart    

„        intorta^  Broc.     

n        Tar.  plieaiiUSf  Njst 
.^Mtrrhais  pes-ptUcani,  Jjinn,  .., 

litrriteUa  incrassata,  Sow 

Nadea  millepunctata,  Lara.     .. 

„      earuma,  Duj 


Lenham 
or  Box- 
Btones. 


Miocene 
or  Ital. 
Pliocene. 


Oor.<^ 
Crag. 


Sxtinct. 


^  Prestwioh  believed  that  the  Lenham  Beds  had  been  apbeaTed  prior  to  ths 
deposition  of  the  Coralline  Crag,  Quart  Joum.  GeoL  Soc  toL  xxvii  (1871) 
p.  134.    SeeaboA.BeU,aeoLMag.  1872.P.209. 
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List  of  Dibbtibn  Mollitbca  (continusd). 


Lenham 
orBox- 
■tones. 

Miocene 
orltal. 
Pliooene. 

Oor. 

Extinct. 

T)roehu9  obeonicus,  8.  V.  W 

* 

• 
... 

* 
* 

» 

• 
••• 

* 
• 

• 

• 
* 

• 

» 

* 
» 
* 

* 
• 

• 

* 

• 
• 
• 

• 

• 
* 

* 

* 
* 

„         muUiffranuM,  8.  V.  W 

Margarita  maculaia,  8.  V.  W 

'^   Calyptraa  chinensiSf  lAnn 

'    RififficiUa  buccineaflBToc, 

*    Buitn  cylindraeea^  Penn. 

'    Soapkander  lignanuMtlimti 

D^tctUnm  dentalU^  Linn 

Osirea  princep$,  ^m 

Pecten  grandis^  Sow 

L       „      tiarinus,  "M^vAl 

^      ptuio^  Linn 

Lima  LoecombU^  G.  B.  8ow 

Modioia  phaseoUna,  Phil 

sfficM.  Brongn 

Pectuneulus  glycimeriM,  Linn 

lAmopsis  auritOf  Broo 

IfuctUa  Ufviffata^  Sow 

Leda  9emi8triata,8.Y.W 

Lucina  borealiSf  ZAnn 

JHpfodonta  astarteat  ffjtt     

Cardita  scalaris,  Jjnihei  

„      ehafme/ormifi,  S.Y.W 

Cardium  decorHcatum,8.  V.  W 

ABtarte  Boi'terotii,  Lig 

„     corhuloides^  Laj 

"     incertajB.y.'^ 

..      OmaUuJjBi] 

„      sulcata.  Da  CoBttk 

Of/nrina  iiUniidic<x-.  TAun.        r-^--- 

Tustica.  Sow 

Isocatdia  cor^  Ldnn.    

Ven/M  casinoH.  IJinn 

ovata  Peun      ...« 

„    itnhru^ta  Sow. 

CjUthfiTsa,  Chions  liinn                ....••... 

])on€ux  i>oHtu8.^oi\         

Tellina  Benedenii  Nvst     

AhTfL  ^nrisTtiCLticd    Monfc.       

Afactra  solida^  Linn 

arctiata^  Sow 

Cult ellus  tenuis  Phil 

Siofen  ensis  Tjinn                

T%racia  inflata.  Sow 

Corbula  striata,  W  &B 

Panopeea  Faujagii,  M.  dela  G- 

Glvcimtris  anausta  Nvst      

T^T^do  fiOTVfoicd   Sn^ni? •••.. 

Saxicava  r^foosa.  Linn 

Terehmtula  qran^i.^  Blum 

TAnfiiilo.  DuTnoTtifri  Nvst     ......■•■..• 

c 
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The  fauna  of  this  zone  resembles  generally  that  of  the  Coralline 
Crag,  but  it  contains  a  few  Miocene  species  not  known  from,  or 
rare  in,  that  formation,  such  as  Pyrula  reticulata^  Cassis  Saimran, 
Murex  scalariformis,  Conus  Dujardinii^  and  Fleurotoma  intorta. 
On  the  whole,  it  presents  a  somewhat  more  recent  facies  than  that 
of  Lenham,  although  it  seems  older  than  the  Coralline  Crag. 

M.  Van  den  Broeck  has,  however,  discovered  a  fossiliferous  bed  at 
Waenrode,  near  Diest,  from  which  the  following  species  have  been 
obtained : — 


BxUnct 

Oor.Orag 

or 
DiestJen 

Lenham 
or  Box- 
stones 

Miocene 

Cassis  Saburon,  Bnig. 

« 
» 

• 
* 

* 
• 

• 

* 
• 

* 
• 

• 
••• 

* 

t     „    i?<WMfe«tt(?)  Bast.     

Aporrhais  pes-pelicanif  Linn 

TStrritella  incrassata^  Sow 

Scaphander  lignarius  (?)  Linn 

iPecten  CaiUaudiiJ)  Nyst 

Nucula  lavigatOf  Sow 

Leda  semistriaia,  S.  V.  W 

Cardium  subturffidum,  d'Orb. 

LucifM  borfoiv't  Linn 

t      „        Drouetti{?)'Sy9t 

Cytherearudis(!f)'Po\i     

lellina  compressay'Broo* 

Abra  prismatica^  Mont 

Corhula  striata,  W.  &  B 

Ttredo.vp, 

If  it  were  not  for  the  presence  of  the  three  species  marked  t,  the 
identification  of  which  seems  to  be  uncertain,  this  group  of  fossils 
would  be  as  nearly  related  to  the  Pliocene  as  to  the  Miocene.  Out 
of  the  19  species  named,  14  occur  also  in  the  Coralline  Crag  and  the 
Diestien,  and  16  in  the  Miocene  of  Belgium;  but  there  are  3, 
Leda  semistriata^  TeJUna  compressa^  and  OtUteUus  tenuis^  that  are 
not  known  from  the  last-named  formation.  If  we  omit  the  doubtful 
species,  the  proportion  is  13  out  of  14  in  the  former  case,  and  11 
out  of  14  in  the  latter.  The  percentage  of  Coralline  Crag  forms 
generally  in  the  Belgian  Miocene  is  very  different.  M.  Van  den 
Broeck  enumerates  175  species  of  moUuscafrom  the  Miocene  zone  k 
Pawmaa  Menardi^  only  79  (or  45  7o)  of  which  are  found  in  the 
Coralline  Crag,  and  143  from  the  zone  k  Pectunculus  pUosus,* 
only  77  (or  63  7o)  o^  which  are  common  to  that  deposit.    The  list 

^  PjfTula  reHculata  and  Plemrotoma  itUorta  are,  however,  found  alio  in  the 
sone  k  Isocardia  car, 
>  •  Esquiflse  O^L  A  Paltont  des  D6pdU  PUoo.  d'Anvers/ 1876,  pp.  42  &  56. 
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of  shells  from  Waeniode  is  very  short,  and  it  may  not  be  truly 
representative.  So  far  as  the  evidence  goes,  however,  the  fauna 
does  not  seem  to  me  typically  Miocene,  though  Belgian  geologists 
believe,  on  stratigraphical  grounds,  that  it  is  at  the  latest  of 
Miocene  age.^  Without  expressing,  therefore,  any  decided  opinion 
on  the  subject,  I  merely  call  attention  to  this  interesting  discovery 
of  a  bed  which,  like  that  of  Lenham,  contains  a  fauna  closely 
resembling  at  the  same  time  those  of  the  Coralline  Crag  and  of  the 
Belgian  Miocene. 
Tabulating  these  results,  we  have : — 

BXTIHOT  FOEMB         OoiALLUfl  OkAO 

Wabtiodb 42«/o  68  Vo 

DlBSTIBll  BB08. 

Zone  k  Tsrebratula ffrandts    46«/o  85«/o 

LUTHAM    ^V.  77% 

Bblgian  Miockhk. 

Zone  k  Pectunculus pilonts 53%  54*/* 

„     Panapaa  Afenardi 69%  46«/. 


III.  The  Coballinb  C&ao. 

As  is  well  known,  the  Coralline  Crag  occurs :  (a)  at  Tattingstone, 
4  miles  south  of  Ipswich,  limited  there  probably  to  a  very  small 
area,  and  exposed  in  one  section  only';  (6)  at  Kamsholt  and 
Sutton,  on  the  eastern  bank  of  the  Deben  estuary,  where  it  may 
be  traced,  though  not  continuously,  for  rather  more  than  ^  mile ; 
and  (c)  in  the  main  mass  of  the  formation,  extending  from 
Boyton  and  Gedgrave  to  Iken  and  Aldeburgh  (Butley  Creek  and 
the  river  Aide  intervening),  and  thence  to  some  submarine  rocks 
off  the  coast  at  Sizewell,  5  or  6  miles  N.N.E.  of  the  last-named 
locality.  Traces  of  it  are  said  to  have  been  found  at  Trimley 
(teste  Acton)'  and  at  Waldringfield  (Whitaker),^  and  possibly  it  may 
exist  elsewhere  under  the  high  land  between  the  Orwell  and  the 
Deben,  or  between  the  latter  river  and  Butley  Creek.  Along  the 
low  land  fringing  those  rivers,  however,  no  Coralline  Crag  is  known, 
the  Bed  Crag  being  shown  in  many  places  to  rest  directly  on  the 
London  Clay,  as  it  does  also  along  the  coast  from  Walton-on-the-Naze 
to  Bawdsey. 

The  method  adopted  by  Prestwich  was  to  take  the  beds  present 
in  the  small  outlier  at  Sutton  (which  he  described  at  some  length) 
as  tjrpical  of  the  formation  generally,  but  he  did  not  attempt  to 
show,  either  by  stratigraphical  or  palseontological  evidence,  that 
the  divisions  observed  at  Sutton  are  constant  over  the  whole  area, 

*  M.  Van  den  Broeok  was  at  first  inclined  to  think  that  the  Waenrode  deposit 
was  Pliocene,  Ann.  See.  Boy.  Malaool,  Belg.  vol.  xiz  (1884)  p.  In. 

^  [I  understand  that  a  second  exposure  of  Coralline  Orag  has  recently  beeu 
discoTcred  at  Tattingstone. — June,  1898.] 
^  Suppl.  *Orag  MoUusca,'  Introd.  p.  ui,  Monogr.  Palssont  So&  1872. 

*  Mem.  QeoL  Snrr.  1885,  Ipswich,  p.  86. 
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nor  do  I  think  that  it  is  possible  to  do  so ;  he  stated,  however,  but 
as  a  matter  of  opinion  only,  the  horizons  to  which  he  considered 
the  beds  occurring  at  other  localities  should  be  referred.  He 
claimed  that  these  supposed  zones  are  characterized  by  distinctive 
groups  of  fossils,  and  that  their  deposition  was  attended  by 
great  physiographical  changes,  including  a  submergence  of  the  Crag 
basin,  by  which  at  one  stage  the  North  Sea  attained  a  depth  of 
from  500  to  1000  feet,  while  at  another  the  climate  of  Northern 
Europe  was  refrigerated  sufficiently  to  permit  of  floating  ice 
reaching  East  Anglia,  with  boulders  from  either  Scandinavia  or 
the  Ardennes. 

The  Coralline  Crag,  both  in  the  Sutton  outlier  and  in  the  main 
mass  of  the  formation,  seems  to  fall  naturally  into  two  divisions  (a 
view  held  by  all  observers  up  to  the  present  time),  the  lower  consisting 
of  shelly  incoherent  sands,  generaUy  of  a  wlutish  colour,  and  the 
upper  of  a  porous  ferruginous  limestone,  soft  and  friable  when  first 
quarried,  but  acquiring  a  hard  crust  by  exposure  to  the  air.'  The 
colour  of  the  latter,  normally  a  light  ochreous  yellow,  assumes  on 
further  oxidation  a  dark  rusty  hue.  Specimens  of  Pecten  and 
other  moUusca  whose  shells  are  composed  of  carbonate  of  lime  in 
the  form  of  calcite  (the  translucent  variety),  and  the  remains 
of  polyzo8^  are  common  in  this  rock-bed,  as  they  are  also  in  the 
shelly  sands,  but  the  opaque  or  arragonite  moUusca  are  represented 
in  it  by  casts  only.'  These  casts  occur,  however,  in  many  places 
and  at  different  levels,  generally  in  layers,  and  often  in  great 
abundance. 

At  first  sight  nothing  could  well  seem  more  distinct  than  the 
soft  shelly  beds  of  the  lower,  and  the  hard  ferruginous  rock  of  the 
upper  part  of  the  Crag,  but  I  now  believe  that  the  difference  is 
more  apparent  than  real,  and  that  the  rock-bed  is  merely  an  altered 
condition  of  the  shelly  sands,'  its  ferruginous  character  being  due 
to  the  infiltration  of  water  charged  with  oxide  of  iron,  arising  from 
the  decomposition  of  part  of  the  glauconite  of  the  unaltered  Crag. 
Indeed,  I  have  lately  discovered,  in  an  important  section  at  Iken, 
which  will  be  described  later  on  (see  pp.  338,  339),  the  two  kinds 
of  Crag  side  by  side,  and  passing  into  each  other. 

Prestwich  separated  from  Uie  rest  the  upper  or  ferruginous 
portion  of  the  Crag,  which,  as  will  be  seen  by  the  sections  (figs.  5 
&  7,  pp.  328  &  332),  forms  nearly  one  half  of  the  entire  mass  of 
the  formation,  calling  it  zones  G  &  H.  The  nodule-bed  at  the  base 
of  the  Crag,  found  in  one  spot  only  at  Sutton,  he  described  as 

^  It  sometimes  becomes  suffioieDtly  hard  to  be  used  for  building,  as  for 
example  in  the  tower  of  Ohilleeford  Church. 

>  See  P.  F.  KendaU,  GeoL  Mag.  1883,  p.  497. 

'  More  thim  20  years  ago  attention  was  simultaneously  called  by  Mr. 
Whitaker,  and  by  Mr.  Wood  k  myself  (Quart  Joum.  €^L  Soa  toL  zxxiii, 
1877,  pp.  75  &  122),  to  the  alteration  of  the  Bed  Crag  by  infiltration ;  and 
M.  Van  den  Broeck,  ahout  the  same  time,  made  similar  obeerrations  in  Belgium. 
It  is  not  a  little  strange  that  it  occurred  to  npne  of  us  that  the  Coralline  Crag 
might  haTc  been  affected  in  the  same  way. 
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zone  A,'  diTiding  the  shelly  sands  between  A  and  G,  which  have  in 
all  a  maximum  thickness  of  no  more  than  30  feet,  into  five  zones : 
B,  C,  D,  £,  and  F.  Whether  we  examine  it  chemically  or  micro- 
scopically, however,  we  can  find  no  essential  difference  in  the 
material  of  which  these  sereral  beds,  B  to  F,  are  composed.  It 
is  throughout  mainly  of  organic  origin,  consisting  of  the  com- 
minuted shells  of  marine  organisms  or  of  calcareous  matter  derived 
from  their  decomposition,  with  only  a  small  admixture  of  inorganic 
ingredients.  The  proportion  of  the  latter  Taries  slightly  in  speci- 
mens taken  at  different  spots,  as  will  be  seen  below. 

Mr.  Francis  Sutton,  of  Norwich,  a  well-known  authority,  ha» 
kindly  analysed  for  me  some  examples  of  the  two  Tarieties  of 
Crag,  with  the  following  result : — 

Carbonate  of  Oxide  of  Jioof 

Lime  Silioa  and  Alumina 

Shelly  sands  (No.  1) 78-62Vo  7-76Vo           S-50Vo 

Ftoiiginous  Crag  (No.  2)     78-95Vo  II6OV0           7-20«/o 

More  recently  his  son,  Mr.  W.  lincolne  Sutton,  the  public  analyst 
to  the  Corporation  of  Norwich,  has  tested  some  fresh  samples,  and 
reports  as  follows  : — 

Carbonate  of  Oxide  of  Iron 

Lime  Silica       and  Alnminv 

Shelly  sands  (No.  3)  7M»/*  13-6%  71  Vo 

n       ,.     (No.  4)  74-7 •/•  12-8Vo  5-6*/o 

Ferruginous  Crag  (No.  5)     79*2  Vo  11*4  Vo  4*2  Vo 

Br.  G.  J.  Hinde,  F.B.S.,  has  been  good  enough  to  examine 
samples  3  &  5  for  me  microscopically,  and  says :  *  Under  a  low 
power  or  with  a  hand-lens  the  Crag  is  seen  to  contain,  as  is  welt 
known,  specimens  of  foraminifera  and  entomostraca,  fragments  of 
mollusca  and  polyzoa,  and  the  spines  of  echinoderms,  with  grains 
of  quartz,  some  angular,  others  rounded,  and  dark  green  granules 
of  glauconite,  rounded  and  polished.  Among  the  finer  material  I 
find  an  immense  number  of  minute  almond-  or  diamond-shaped 
calcspar-crj'stals,  amorphous  particles,  and  coccoliths,  and  numerous 
rod-like  bodies,  simple  or  branching,  usually  Yenniform '  (see  fig.  2) ; 
these  he  considers  may  be  *  the  solid  infillings,  by  a  silicate  of  iron, 
of  borings  in  moUuscan  shells  by  the  action  of  organisms  supposed 
to  be  of  the  nature  of  algas  or  fongi.  They  are  not  seen  undl  the 
shells  have  been  dissolved  by  acid,  are  translucent,  and  polarize 
feebly.  Numerous  coccoliths  are  present,  somewhat  larger  than 
those  in  the  Upper  Chalk,  and  I  do  not  think  that  they  hare 
been  derived  from  that  formation.  It  is  important  to  notice  that 
only  two  microscopic  chips*  of  flint  were  observed,  with  perhaps  an 
occasional  flake  of  mica  and  a  grain  of  felspar/ 

'  Tne  oasement-bed,  tone  A  of  Prestwich,  11^  of  course,  of  a  dilFerent 
oharaeter,  originating  under  oondtUons  dissimilar  to  those  of  the  rest  of  the  Oag^ 
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Fig.  2. — Eod-like  bodies  in  CorcMine 
Crag  residues  {after  solution  in  hy- 
d/roMoric  a>eid). 


In  some  borings  at 
Gedgrave  and  Sudboome, 
to  be  described  hereafter, 
I  found  at  the  base  of 
the  formation  a  bed, 
12  inches  or  so  thick, 
resting  on  the  London 
Clay,  which  it  resembles 
in  colour,  consisting  of 
blue  Crag  which  differs 
from  the  shelly  sands  in 
containing  a  larger  pro- 
portion of  quartz-grains. 
Analysed,  it  was  proved 
to  contain : — 


/  Carbonate 


No, 


:.J 


of  lime        Silica 
57-30  •/•     3610  <»/o 

Alumin^i  and 

Oxide  of  Iron 

3  80  % 


the  iron  being  mainly  in 

the  unozidized  or  ferrous 

state. 
X 100  diameters.  Dr.  Hinde  observed  in 

this  blue  Crag  '  numerous 
grains  of  a  translucent  mineral,  probably  a  silicate  of  iron,  allied 
to  glauconite ;  they  are  mostly  subangular,  and  polarize  feebly 
between  crossed  nicols/  No  polyzoa  were  noticed,  but  this  absence 
may  be  accidental,  as  Prestwich  found  them  at  the  base  of  the 
Crag  at  Sutton. 

The  consolidation  of  the  ferruginous  Crag  and  the  dissolution  of 
the  arragonite-shells  seem  to  have  taken  place  at  a  comparatively 
remote  period,  that  is,  previously  to  the  deposition  of  the  Red  Crag, 
as  both  Sir  Joseph  Prestwich  ^  and  Mr.  P.  F.  Kendall  ^  found  blocks 
of  the  former  in  the  latter  deposit ;  but  the  Coralline  Crag  has  also 
been  subjected  to  the  action  of  acidulated  water  in  more  recent 
times.  Mr.  Sutton  has  analysed  some  dark  red  earth  from  the 
cylindrical  pipes,  familiar  to  all  students,  which  penetrate  the  Crag 
firom  the  surface  downward,  often  to  a  considerable  depth,  and  finds 
that  it  contains  the  merest  trace  of  calcium  carbonate,  as  will  be 
seen  from  the  following  analysis  : — 


No.  7 


Carbonate  of 

Lime 
.      0-66  ^/o 


Silica 
74-20  o/o 


Oxide  of 
Iron 

11-40  Vo 


Alumina 
210  Vo 


Quart.  Joum.  G^L  See  toI.  xxrii  (1871)  p.  341. 
Oeol.  Mag.  1883,  p.  499. 
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The  Coralline  Crag  of  Bamsholt 
and  Sotton  occupies  one  side  of 
an  old  channel  or  depression  in  the 
London  Clay,  which  at  that  point 
coincides  to  some  extent  with  the 
present  estuary  of  the  Dehen  (see 
fig.  3).  At  Kamsholt  the  Crag 
was  formerly  exposed  in  a  low 
cliff  dose  to  the  river,  hut  it  is 
not  now  visihle ;  its  junction  with 
the  London  Clay  there  was  pro- 
hahly  little,  if  at  all,  ahoye  Ord- 
nance datum. 

Prestwich  regarded  the  Rams- 
holt  hed  as  helonging  to  his  zone  C, 
and  he  gave  a  list  of  17  species  of 
mollusca  from  it,  hesides  echino- 
dermata,  etc.,  some  of  which  he 
helicTed  to  he  more  abundant  there 
than  elsewhere.  Most  of  the 
mollusca,  however,  are  common 
everywhere  in  the  formation,  and 
I  do  not  think  that  generally  the 
species  mentioned  can  be  looked 
upon  as  more  characteristic  of  one 
portion  of  it  than  of  another. 

At  Sutton,  a  short  distance  (^ 
mile)  from  Eamsholt  Cliff,  there 
was  formerly  a  pit  (H  of  Prest- 
wich's  section)  at  which  the  no- 
dule-bed (zone  A)  was  observed  by 
himself  and  Prof.  Ray  Lankester. 
At  that  spot  the  Crag  is,  I  believe, 
at  a  higher  level  than  that  of 
Ramsholt,  resting  on  the  London 
Clay  8  feet  above  high-water  mark 
(see  fig.  3).*  Prestwich,  however, 
called  the  beds  there  exposed 
zones  A,  B,  &  C. 

At  his  pit  D,  500  yards  north- 
east of  the  last,  where  the  London 
Clay  rises  12  feet  higher,  he  classed 
the  beds  as  zones  D,  £,  &  F, 
while  at  pit  F,  250  yards  distant, 
he  considered  them  to  belong  to 
zones  E,  F,  &  G.  It  will  be 
seen  by  reference  to  fig.  3  that, 
taking  the  dip  into  account,  in 

*  The  meoBuremenU  in  Prestwich'a 
paper  and  sections  are  somewhat  difB- 
oult  to  follow.  Some  are  taken  above 
high-,  some  above  low-water  mark  ^ 
the  River  Deben,  and  some,  poesibfy, 
above  Ordnance  datum. 
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no  two  of  these  four  eectioDB  are  the  supposed  zones  in  the  same 
relatiye  position,  nor  is  any  reason  suggested,  except  that  the 
London  Clay  floor  was  imeven,'  why  no  beds  representing  periods 
B  &  C  should  have  been  deposited  in  the  locality  of  pit  D.  The 
gradient  of  the  surface  of  the  London  Clay  between  pits  H  and  D 
is,  however,  only  about  1  in  100,  so  that  this  explanation  seems 
inadequate. 

Prestwich  cited  the  following  genera  as  speciaUy  characteristic 
of  certain  zones  in  the  Sutton  Crag,  namely : — Cyprina^  Pecten^ 
Myay  Carditay  Asiarte,  Anomiay  and  Venu9\  but  these  are  met 
with  not  only  in  all  parts  of  the  Coralline,  but  also  and  abundantly 
in  every  portion  of  the  succeeding  Red  Crag  formation.  Mr. 
Burrows,  one  of  the  authors  of  the  great  work  on  the  Foraminifera 
of  the  Crag,  just  completed,'  speaks  of  a  band  containing  Cyprina 
islandica  as  apparently  constant  to  zone  D,  and  he  names  a 
dozen  other  species  of  mollusca,  smaller  forms,  which  he  considers 
peculiar  to  Prestwich's  zone  F,  or  more  abundant  in  it  at  Sutton 
and  Gedgrave  than  at  any  other  horizon.  Cyprina  islandica 
has,  however,  existed  in  the  North  Sea,  probably  without  inter- 
mission, from  the  Miocene  period  to  the  present  day,  so  that  its 
presence  or  absence  at  any  one  spot  in  the  Crag  must  be  accidental ; 
and  it  does  not  seem  to  me  that  the  other  species  named  by  him  can 
be  regarded  as  characteristic  even  of  the  whole  of  the  Coralline  Crag, 
still  less  of  any  special  zone  in  it.  With  one  or  two  exceptions, 
they  are  Miocene  forms,  which  continued  to  exist,  and  even  to 
abound  in  the  Crag  area  during  the  subsequent  period  represented 
by  the  Walton  bed  and  the  Scaldisien  of  Belgium,  some  of  them 
being  stiU  found  in  British  seas.  It  would,  however,  be  equally 
possible  to  make  up  a  list  of  shells  which  are  common  at  Sutton, 
and  rare  or  unknown  at  Gedgrave,  or  vice  versd,  but  it  is  a  constant 
feature  of  the  shelly  sands  that  some  localities  yield  a  more  varied 
or  a  somewhat  different  fauna  as  compared  with  others. 

Any  resemblance,  moreover,  which  the  moUusoan  fauna  of  the 
beds  regarded  by  Prestwich  as  zone  F  at  Sutton  may  bear  to  those 
of  Gedgrave  Hall  seems  to  me  to  be  antagonistic  to,  rather  than  in 
favour  of,  his  views,  since  the  shelly  seam  at  the  latter  place  is 
within  15  feet  of  the  base  of  the  formation,  which  at  Sudboume, 
in  the  immediate  neighbourhood,  is  60  feet  in  thickness.  Strati- 
graphioally,  therefore,  the  Gedgrave  shell-beds  belong  to  a  lower 
part  of  the  Crag  rather  than  to  the  supposed  upper  zone  F,  to  which 
they  have  been  assigned. 

The  evidence  upon  which  I  rely  for  the  separation  of  the  Lenham 
Beds  from  the  Coralliue  Crag,  or  which  I  propose  to  offer  in  favour 
of  sones  of  the  Bed  Crag,  is,  I  submit,  of  an  essentially  different 
character.  We  find  at  Lenham  Miocene  forms  which,  so  far  as 
the  evidence  goes,  had  ceased  to  exist  in  the  Anglo-Belgian  basin 
before  the  deposition  of  the  Coralline  Crag,  and  have  never  since 
reappeared;  while  the  older  Bed  Crag  deposits  contain  southern 
and  extinct  species,  which  gradually  became  less  abundant  in  the 

*  Quart  Joum.  Geol.  Soc  vol.  xxvii  (1871)  p.  116. 

*  Monogr.  Palaeont.  Soo.  1866-97 ;  see  also  Geol.  Mag.  1895,  p.  51 1.^ 
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letter  E  (in  '  Kiln '),  due  west  of  Aldeburgh. 
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North  Sea  area,  and  finally  died  out  altogether,  their  place  being 
taken  in  the  newer  beds  by  arctic  and  boreal  forms,  unknown  from 
the  older  formation. 

The  principal  dififerenoe  between  the  various  portions  of  the  lower 
or  unaltered  condition  of  the  Coralline  Crag  seems  to  be  that  in  some 
the  moUusca  are  chiefly  of  large,  in  others  of  smaller  species,  a  third 
variety  of  Crag  being  composed  of  comminuted  material  only.  Certain 
localities,  however,  as  for  example  the  Gomer  pit,  are  characterized 
by  an  abundance  of  univalves,  which  generally  are  much  less 
common  than  bivalves  in  these  beds,  but  such  differences  are  by 
no  means  persistent.  Layers  of  large  shells,  containing  especially 
Cyprina  islandica,  occur  in  all  parts  and  at  all  levels  in  the  Crag, 
as  will  be  seen  hereafter,  and  I  am  unable  to  find  any  bed  which  is 
continuous  except  for  a  short  distance,  nor  is  this  to  be  wondered  at. 
It  is  not  probable  that  at  any  one  period  the  sea-bottom  was  for 
some  miles  continuously  covered  with  a  thin  layer  of  the  dead  and 
drifted  valves  of  Cyprina  and  other  large  molluscs,  and  that  then 
these  speciel  disappeared  for  a  time  from  the  Crag  area.  Shells 
are  sorted  out  by  currents  of  varying  strength,  just  as  pebbles 
are  in  beds  of  gravel,  small  specimens  naturally  accumulating  in 
one  place,  larger  ones  in  another,  and  comminuted  shells  or  fine 
calcareous  sand  in  a  third.^ 

There  are  localities  in  the  Crag,  however,  at  which  it  seems  at 
first  sight  that  beds,  the  fossils  of  which  are  more  or  less  of  a 
similar  character,  may  be  traced  continuously  from  one  section  to 
another,  as,  for  example,  between  the  Broom  pit  at  G^grave 
(No.  11  of  map,  fig.  4)  and  the  Hall  pit  (No.  12)  in  Sudboume  Park/ 
At  each  of  these  we  find  one  seam  with  Cyprina  and  other  large 
molluscs,  and  another  seam  immediately  over  it  containing  princi- 
pally smaller  shells,  both  being  on  about  the  same  level  at  the  two 
places.  To  an  observer  who  believes,  as  Prestwich  did,  that  the 
Crag  rests  on  the  more  or  less  horizontal  surface  of  the  London 
€lay,'  these  would  seem  to  be  the  same,  but  between  the  two  pits 
the  base  of  the  Crag  dips  8  or  9  feet  (see  fig.  5,  p.  328),  and  thus 
beds  which  appear  to  be  in  correspondence  are  not  really  so. 

I  have  attempted,  from  the  notes  given  in  Prestwich 's  memoir, 
to  construct  a  diagram  (fig.  6,  p.  329)  showing  the  structure  of  the 
Coralline  Crag  from  Ramsholt  to  Aldeburgh  according  to  his  views, 
but  the  result  does  not  seem  to  me  to  lend  much  support  to  the  zone- 
theory. 

In  the  table  on  pp.  330-1  are  enumerated  the  features  upon  which 
Prestwich  relied  to  justify  the  separation  of  the  Coralline  Crag  into 

^  In  the  Natural  History  Museum  at  South  Kensington  there  is  a  large  Uock 
•of  limestone  from  the  Caloaire  groseier,  similar  in  character  to  the  shelly  sands 
of  the  Coralline  Orag,  containing  in  profusion  the  drifted  and  stratified  shells 
of  moUusca,  which  are  more  or  less  of  the  same  size  throughout,  and  but  few 
univalyes.  Both  uniyalTes  and  larger  bivalyes  were  present  in  the  seas  of  that 
period,  aa  may  be  seen  br  reference  to  one  of  the  wall-cases  dose  by.  None, 
however,  were  deposited  at  the  spot  from  which  this  block  was  taken,  the 
aelective  power  of  the  currents  which  there  prevailed  having  sorted  out  only 
forms  of  a  certain  size  and  weight 

*  See  his  section  from  Sutton  to  Iken,  Quart  Joum.  GkoL  Soc.  voL  zzrii 
.(1871)  pL  XX. 
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the  eight  zones  pro- 
posed by  him,  to- 
gether with  my  re- 
marks thereon.  It 
will  be  seen  that 
many  of  the  charac- 
t'eristics  which  he 
considered  distinctive 
of  certain  parts  of  the 
formation  only  are  of 
the  most  general  cha- 
racter and  are  equally 
applicable  to  others ; 
but  even  if  this  were 
not  80,  slight  L'tho- 
logical  differences  are 
hardly  a  satisfactory 
test  of  age,  unless 
they  can  be  traced 
stratigraphically.  The 
sediment  now  accu- 
mulating at  the 
bottom  of  the  North 
Sea  is  not  everywhere 
the  same. 

Mr.  Burrows,  in 
the  Geol.  Mag.  paper 
before  alluded  to, 
claims  the  evidence 
of  the  foraminifera 
as  being  in  favour 
of  the  zone-theory. 
I  differ  from  that 
gentleman  with  much 
regret,  but  I  cannot 
think  that  the  faet» 
he  recites  are  conclu- 
sive. In  his  paper, 
and  in  the  mono- 
graph by  himself  and 
his  coadjutors,  certain 
species  of  forami- 
nifera are  stated  to 
be  specially  charac- 
teristic of  zones  D,  £, 
F,  &  G  at  Tatting- 
stone,  Sudboume, 
Gedgrave,  and  Alde- 
burgh,'  but  on  re- 
ferring to  the  list  pub- 
lished by  him '  it  will 

'  No  eridenoe  is  offered 
as  to  tones  A,  B.  C,  or  H«^ 

' '  Cmg  Fonuii./Moiu)gr. 
Palcoot  Soc.  1897,  p.374. 
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be  seen  that  none  of 
these  are  confined  to 
any  one  zone,  most  of 
them  being  common  at 
one  locality  in  what  he 
regards  as  zone  D,  at 
another  in  E,  and  in  F 
or  G  at  a  third  or 
fourth.  On  the  con- 
trary, it  is  sometimes 
the  case  that  forms  are 
common  at  one  spot 
and  rare  at  another  in 
beds  considered  by  Mr. 
Burrows  to  belong  to 
the  same  zone.  £yen 
if  this  were  not  so,  I 
cannot  think  that  the 
evidence  of  the  forami- 
nifera  is  of  great  value. 
Most  of  the  forms  in 
question  are  stiU  living, 
and  they  have  a  world- 
wide distribution,  being 
found  in  all  seas  and  at 
all  depths.  Ofone,Jtft- 
liolina  seminulum^  the 
authors  of  the  PalsBont. 
Soc.  monograph  say, 
'  Scarcely  a  sample  of 
sea-sand,  either  dredged 
or  littoral,  from  any 
quarter  of  the  globe, 
can  be  examined  with** 
out  finding  specimens 
of  it.'  *  Moreover,  the 
foraminifera  are  not 
generally  so  distinctive 
of  special  formations 
as  are  the  moUusca, 
having  a  wide  range 
in  time  as  well  as  in 
space ;  the  Crag  species, 
with  one  or  two  except 
tions,  are  recent  forms, 
going  back  also  to 
early  Tertiary,  and 
some  of  them  even  to 
the  Meeozoio  or  Palseo- 
Eoio  epochs. 

>  Op.  cit.  p.  10  (1866), 
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Table  showing,  according  to  Prestwich,  the  features 
characteristic  of  the  various  zones  into  which  he 
proposed  to  divide  the  Coralline  Crag. 


A. 
B. 

Bad,  1  to  1^  foot  thick,  oont&ining 
pbosphatio    nodules,  mamma- 
lian reroainB,   and   deriTatiye 
fossils  and  boulders. 

Apparently  confined  to  one  district 
in  which  a  similar  bed  occurs  at 
the  base  of  the  Bed  Crag.    A  few 
phosphatic  nodules  only,  but  no 
boulders,  were  found  at  the  base 
of  the  Coralline  Crag  in  borings 
at  Gedgraye  and  Sudhoume. 

Comminuted  shells,  with   Turri- 
UUa,    and     single    yalyes    of 
Cyprina,  Pectem,  Maeira,  etc. 

This  bed,  4  feet  only  in  thickness,  was 
observed  by  Prestwioh  at  one  spot 
only  at  Sutton.      The    features 
mentioned  are  equally  applicable 
to  other  parts  of  the  formation. 

0. 

Light  -  coloured     marly     Orag, 
abounding  in  large  shells,  Ni/a 
and  Cyjtrina  (sometimes  double), 

and  Venus, 
TsJ  yes  scarce. 

At  one  spot  only  at  Sutton.    The 
species  of  mollusca    named  are 
among    the    commonest    forms 
of  both  the  Coralline  and  Bed 
Crags. 

With    the   exception  of   Cyprina^ 

species  enumerated  by  Prestwich 
{op.  ci/.  p.  1 1 5)  as  characteristic  of 
sone  C  at  Bamsholt  differ  en- 
tirely  fh>m   those  here   named 
from  Sutton. 
The  authors  of '  The  Foraminifera  of 
the  Crag*  state  (op.  cU,  pp.  S74, 
etc.)  that  these   organisms   are 
more  or  less  abundant  in  every 
part  of  the  formation.    Univalyes 
are  also  scarce  at  localities  re- 
garded by  Prestwich  as  belonging 
to  other  zones. 

D. 

Comminuted  shells,  large  entire 

or  double  shells. 
Bands  of  limestone  in  upper  part. 

Features  common  to  other  parts  of 

the  Crag. 
Found  in  borings  at  Gbdgraye  at 

one  spot  only. 

B. 

Sand    with    numerous    polyaoa, 
often  in  the  position  of  growth, 
and  Echini, 

Common  features  of  the  polysoan 
rock-bed,  regarded  by  Prestwich  as 
zone  G,  at  Sudbourne,  Iken,  and 
Aldeburgh.  The  spines  of  echino- 
dermata  occur  at  all  levela. 
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Bkuahks. 

R 

Sand  with  numerous  small  entire 
shells  and  seams  of  comminuted 
shells. 

Features  common  to  all  parts  of 
the  unaltered  Crag. 

a 

Comminuted  shells  with  remains 
of   poljsoa,    forming    a    soft 
hoilding-stone. 

False  stratification  and  oblique 
bedding  are  constant  characters. 

Indurated  character  of  polyzoan  rock 
due  to  infiltration,  and  notpeciiliar 
to  the  upper  part  of  the  Crag. 

False  bedding  not  confined  to  the 
upper  part  of  the  formation.^ 

H. 

Sand  and  comminuted  shells. 

Possibly  an  atmospherically-altered 
condition  of  the  surface  of  the 
indurated  Crag. 

The  term  'zone'  is,  I  submit,  rightly  used  for  a  deposit  clearly 
marked  out  from  others,  either  by  the  general  character  of  its  fauna, 
or  because  it  represents  some  important  physiographical  change  in 
the  conditions  of  any  period  ;  but  it  conveys  a  wrong  impression 
when  employed  for  such  minor  divisions  as  those  of  the  Coralline 
Crag,  even  if  they  could  be  shown  to  be  persistent  throughout  the 
formation.  It  may  be  safely  asserted,  I  think,  that  no  evidence  has- 
been  adduced  to  show  that  any  one  of  the  alleged  zones  is  character- 
ized by  the  presence  of  species  which  did  not  also  exist  at  earlier  or 
later  periods  in  the  seas  of  the  North  of  Europe,  and  which  were- 
evidently  then  appearing  for  the  first  time,  or  disappearing  from 
the  Anglo-Belgian  basin. 

As  the  base  of  the  Coralline  Crag  had  been  reached  at  one  locality 
alone,  namely,  in  the  Sutton  district,  it  seemed  to  be  of  some 
importance  to  ascertain  by  boring  not  only  the  total  thickness  of  the 
formation  where  it  is  best  represented  (that  is,  in  the  neighbourhood 
of  Orford),  but  to  acquire  some  knowledge,  if  possible,  of  any  lower 
beds  which  might  be  present  there. 

The  apparatus  that  I  used  for  boring  was,  with  some  modifications 
suggested  by  my  early  failures,  that  designed  by  MM.  Van  den 
Broeck  &  Butot,  and  described  by  them  in  a  paper  published  by  the 
Sod^te  Beige  de  G^logie.'  It  is  admirably  adapted  for  rapidly 
penetrating  beds  of  dry  and  moderately  coherent  material.  The  only 
part  of  the  Coralline  Crag,  however,  which  it  is  necessary  to  explore 
in  this  way  lies  below  the  water-line,  the  upper  part  of  the  Crag 

^  Mr.  Clement  Beid  considers  that  the  whole  of  the  Coralline  Craf  is  *  more 
or  IcH  ourrent-bedded,'  Mem.  Qeol.  Sunr.  1890,  *  Phoo.  Deposits  or  Britain,^ 
p.  86. 

*  Bull  Soc  Beige  de  GtoL  voL  ii  (1888)  p.  135. 
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being  snffioiently  shown  by  numerons  sections ;  but  the  difficulty  of 
boring  through  loose  and  wet  sand  is  very  great,  and  requires  much 
patience,  especially  when  a  depth  of  15  or  20  feet  is  reached.' 

The  ^Ufferent  borings  made  in  the  neighbourhood  of  Orford  show 
that  the  junction  between  the  London  Clay  and  the  Oorallino  Crag 
has  an  average  dip,  in  a  northerly  or  north-easterly  direction  between 
Butley  Creek  at  Gedgrave  and  Sudboume  Hall,  of  8  feet  to  the 
mile ;  beyond  the  latter  place  it  lies  too  deep  to  be  reached  by  my 
apparatus.^  The  gradient  between  Sutton  and  Gedgraye  is  about 
6  feet  per  mile  (see  fig.  5,  p.  328),  and  between  Sutton  and 
Tattingstone  rather  less.  At  the  last-named  locality  the  Crag-beds 
approach  the  100-foot  contour-line,  but  occur  somewhat  below  it. 
At  Sutton,  as  we  have  seen,  they  rest  upon  the  London  Clay  at 
20  feet  above  high-water  mark,  and  they  are  there  about  40  feet 
thick  in  vertical  section. 

Tracing  the  Coralline  Crag  from  Sutton  towards  the  north-east, 
it  is  found  at  Boyton  occurring  slightly  below  the  level  of  the 
marsh,  but  at  present  it  is  not  accessible  there — unfortunately  so, 
as  some  species  were  obtained  in  abundance  at  Boyton  which  are 
not  common  at  Gedgrave  and  Sutton.  Both  the  Coralline  and  Bed 
Crags  and  the  nodule-bed  also  are  present  there,  and  it  may  be 
possible  hereafter,  by  boring,  to  clear  up  the  question  of  the  true 
position  of  the  last-named  deposit.  So  far  as  one  can  judge  from  the 
available  evidence,  the  nodule-bed  formerly  exposed  at  IMs  locality 
is  below  the  Coralline  Crag.'  The  shells  obtained  by  the  coprolite- 
diggers  were  so  mixed  that  it  was  impossible  to  say  certainly  from 
which  formation  they  had  been  derived.  Some  geologiste  have 
suggested,  but  1  think  without  sufficient  evidence,  that  at  Boyton 
there  is  a  B.ed  Crag  fauna  of  a  special  and  distinct  character.  I  visited 
the  locality  in  1897 :  no  section  was  then  visible,  but  on  the  site  of 
one  of  the  old  workings  there  was  a  heap  of  soil,  and  from  it  I  picked 
out  a  few  specimens  or  fragments  of  the  following  (all  of  them  being 
later  Bed  Crag  forms,  and  of  the  usual  Red  Crag  colour) : — 


Purpura  lapiUua, 

Buccinxtm  undatum. 

Tropkon  antiquus, 
„        eotUrarius, 

TwriteUa  incratsata. 

Pecten  opercularis. 

Cardium  eduU, 

„        granlandicum, 
„        Parkiruoni. 

Cardita  senilis. 


Astarte  Omalii, 
Oyprimt  idtu^ioct, 
Tellina  obligua, 

„      craasa, 

„      pratenuis, 
Macira  solida. 

„      ovalis. 

„      ellipUca, 
Myaarenarifu 
„    truncata. 


>  If  some  light  and  portable  apparatus  oould  be  deyised,  suitable  for  boring 
throuffh  wet  and  sandy  soil,  it  would  be  of  great  value  to  amateur  geologists. 

'  The  greatest  depth  attained  by  me  was  31  feet 

'  See  also  Whitaker,  Mem.  G^l.  Sury.  1886,  Aldboroogh,  p.  9.  On  one  of 
Mr.  Wood's  sury^-maps  is  the  following  note: — 'This  reotanrular  mark  [shown 
also  in  fig.  4,  p.  326,  of  the  present  paper]  is  that  which  liG.  Robert  Bell  has 
drawn  in  a  oopy-map  sent  to  me,  to  represent  the  ooprolite-trench  from  which 
BO  many  shells  are  obtained.  He  says  there  is  about  18  inches  of  Coralline, 
oyerlun  by  SO  inches  of  Bed  Crag  and  sand.' 
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I  believe  that  most  of  the  Boyton  specimens  to  be  found  in  oar 
Mnseoms  have  come  from  the  Coralline  Crag,  and  that  the  Bed 
Crag  of  that  neighboarhood  l^elongs  to  the  Butley  zone.  Some- 
times, however,  the  Coralline  Crag  shells  have  been  discoloured  by 
infiltration  from  the  immediately  overlying  Red  Crag. 

On  the  east  side  of  Butley  Creek,  at  several  points  in  the  parish 
of  engrave,  and  near  the  edge  of  the  marsh,  the  London  Clay  was 
reached  by  boring  through  the  Coralline  Crag  at  depths  of  9,  12, 
and  13  feet  respectively.  A  few  small  phosphatio  nodules  occurred 
everywhere  near  the  base  of  the  Crag,  but  neither  in  any  of  the 
borings  at  that  place  nor  elsewhere  did  we  meet  with  derivative  fossils 
or  large  stones,  such  as  those  found  in  the  basement-bed  at  Sutton. 
At  one  of  these  borings  (No.  2  in  fig.  4)  we  found,  at  a  depth  of  6  feet, 
fragments  of  Cyprina,  AstarUj  etc.,  and  lower  down  some  small  shellsr 
At  another  (No.  4)  the  Crag  was  very  shelly,  containing  Astarte 
Burtinii  and  TurriteUa  incrassata,  no  large  forms  being  observed. 
At  another  spot  (No.  5),  on  higher  ground,  but  within  a  few  yards  of 
the  last,  large  species,  as  for  example  Cyprina  and  Venus,  were  abuU' 
dant,  the  borer  grinding  through  them  for  4  or  5  feet.  The  well- 
known  pit  in  the  Gomer  field  (No.  10)  is  now  ploughed  up ;  firom 
it  were  formerly  obtained,  at  about  the  same  level  as  that  of  boring 
No.  5,  a  large  variety  of  species,  including  many  univalves  (see  the 
list  published  by  Prestwich  *),  which  are  almost  unknown  from  the 
other  pits  in  the  neighbourhood.'  But  I  may  mention,  as  illus- 
trating the  want  of  correspondence  between  these  shelly  bands, 
that  Mr.  Buckingham,  the  veteran  collector  at  Orford,  has  made  a 
number  of  attempts  during  the  last  few  years  to  find  a  new  exposure 
of  the  old  Oomer  bed,  though  without  success. 

Personally  I  have  not  seen  the  Gomer  section  for  nearly  30  years, 
as  it  has  always  been  closed  during  my  many  visits  to  Orford,  but 
Mr.  P.  F.  Kendall  has  sent  me  the  accompanying  sketch  (fig.  8),^ 
made  in  1884,  which  he  is  kind  enough  to  allow  me  to  reproduce. 
One  interesting  feature  of  it  is  the  small  band  of  unstratified  argilla- 
ceous Crag,  lj|  to  3j  feet  only  in  thickness,  in  which  he  observed 
a  number  of  lamellibranchs  (27  species)  with  the  two  valves 
united,  and  in  the  position  of  growth.  Trophon  alveolaitu  and 
Tr.  eonsodalis^  with  other  gasteropoda,  were  commonly  found  in 
this  bed.  Lower  down,  Cardium  decorticatutn  was  met  with  in  great 
abundance.  This  species  occurs  also  in  profusion  in  the  highest 
part  of  the  Crag  at  Aldeburgh  (see  p.  338),  and  at  the  Park-gates 
pit  at  Sudboume,  but  only  in  the  form  of  casts.  Near  the  water- 
line  at  the  Gomer  section  there  was  a  bed  of  comminuted  Crag  with 
many  fine  gasteropoda,  especially  a  Brocchia,  almost  unknown  else- 
where ;  and  many  such  facts  might  be  adduced  to  show  a  want  of 
correspondence  in  the  moUuscan  fauna  of  different  exposures  of  the 
supposed  zones. 

^  Quart-  Joura.  Geol.  Soo.  vol.  xxvii  (1871)  p.  124.  In  none  of  my  borings 
did  I  find  any  trace  of  this  Gomer  shell-bed  with  abundant  oniTalves. 

*  Mr.  Wood,  sen.,  obtained  from  one  pit  at  Sutton,  with  a  Tertical  range  of 
a  few  feet,  specimens  of  nearly  all  the  species  known  from  the  Coralline  Crag. 

'  These  two  fumieh  an  example  of  species  which  are  found  at  GMgraye,  but 
not,  so  far  as  I  know,  at  Sutton.    They  occur  also  at  Bamsholt  and  uojtoiu 
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Kg.  S.^Seetwn  of  the  Oomer  pU  (from  a  sketch  made  by 
Mr.  P.  F.  KendaU  in  1884). 


Made  earth,  passing  into 

Red  loamy  sand. 

/'White  ptdyerulent  Crag  with  small 
1         nsteropoda. 

J  ArgiUaoeoos  Crag  with  greatly  de- 
V        composed  shellB,  passing  into 
Yellow  argiUaoeous  Crag^  with  no  trace 
of  bedding,  contaimng  many  spe- 
cimens of  Cmina  Ulandica,  C, 
ruttica,  and  Panopaa  Fat^'atii, 

5  CngcontubungCardUateniliSfVenuB 
e<isinay  AstarU  Otimlii,  A,  Bat- 
Urotiif  Tronhon  contocuilitt  IV. 
alwoUthu,  y^atiea  mUUptmetata, 
Troekua  gigjfphinui,  Tr,  eonulnt, 
etc  Many  of  the  bivalves  have 
both  valves  united  and  the  si- 
phonal  ends  upward. 


t-Jix:-.erf^~t-A2so£- 


3C^-:cni3:- 


6  False-bedded  Crag  made  up  of  commi- 
nuted shells.  Characterized  by 
abundance  of  TurriUlla  tripU' 
oata  (incrasmUt)  and  Cardium 
deeorticatum.  Contains  bands  or 
patches  of  Pectens,  the  3  species 
P.  maximms,  P.  opercularis,  and 
P.  timmu  being  commonly  asso- 
ciated. 


7  Comminuted  Crag,  with  many  rare 
gasteropoda,  notably  CapuUtt 
{Brocchia)  partim^muotut. 

The  following  lamellibranchiata  were  found  with  both  valves  united,  principaUy 
in  Bed  6:— 


Anomia, 
Pectem  wuunmn$, 

„      opercularii, 
Modiola, 

Fecinmeuhu  gljfeimerit, 
lAmoptU  aurita, 
Ifucnla  nucUtu, 
Leda. 
Lucina  borealU, 


DipMUmta  rotundata, 
CardUa  oarbis. 

„       9ealar%$, 

„       9en%lU, 
CardiMm  dwcrtieatvm, 
AstarU  BaHerotiL 

„       OaleotHi, 

„       mmtabilis, 

„       Omalii, 


rina  Ulandica, 
y^enu$  equina, 
„      ovata, 
Gastrcina  laminota. 
Mactra. 
Thracia. 
8oUn  etuis, 
Fanopaa  Fai^asii. 
Mya  truHcata, 


The  Gomer  beds,  regarded  by  Prestwioh  as  belonging  to  his  zone 
F,  are  at  a  lower  leyel,  taking  the  dip  into  account,  than  those  at 
the  Broom  Hill  pit,  which  he  calls  D  &  E.  Stratigraphically, 
therefore,  the  former,  which  are  within  15  feet  of  the  base  of  the 
Crag,  in  which  nniyalves  are  abundant,  should  be  placed  in  zone  G ; 
but,  according  to  Prestwich,  one  of  the  characteristio  features  of  zone 
G  is  said  to  be  the  scarcity  of  such  forms. 

The  Crag  of  the  Gomer  field  seems  to  be,  up  to  some  height  above 
Q.  J.  G.  S.  No.  215.  Diga^ffld  by  Cooglc 
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the  water-level,  of  the  unaltered  type,  but  there  is  a  roadside  section 
(No.  3  in  fig.  4),  near  Butley  Perry,  in  the  immediate  neighbourhood, 
where  ferruginous  Crag,  made  up  of  comminuted  material  without 
fossils,  comes  down  almost  to  the  level  of  the  marsh  (see  fig.  5, 
p.  328).  This  belongs  to  zone  G,  the  upper  part  of  the  formation, 
according  to  Prestwich,  but  as  such  it  seems  there  out  of  place, 
being  probably  within  10  feet  of  the  London  Clay.  The  difficulty 
disappears  if  we  r^^ard  it  as  merely  the  altered  form  of  the  shelly 
Crag  present  in  the  adjoining  field. 

At  Gedgrave  Hall  there  is  a  large  pit  (No.  6)  showing  about  20 
feet  of  indurated  Crag,  but  immediately  below  it  towards  the  marsh 
is  another  (No.  7)  composed  of  whitish  shelly  sand,  the  upper  part 
irregularly  coloured  by  recent  infiltration,  in  which  few  but  the 
smallest  species  of  mollusca  are  present,  Nucula  nucleus  and  Dotiax 
politus  being  specially  abundant.*  A  boring  at  this  spot  was 
interrapted  by  tabular  layers  of  limestone,  very  hard,  and  difficult 
to  penetrate.  These  were  considered  by  Prestwich  to  be  distinctive 
of  his  zone  D.  We  met  with  them,  however,  in  no  other  boring, 
though  they  may  be  occasionally  observed  elsewhere  above  the 
water-line.  I  look  on  these  bands  as  purely  local,  duo  to  infil- 
tration and  redeposition  of  the  calcareous  matter,  and  as  of  no 
stratigraphical  significance. 

At  the  Broom  Hill  pit  (No.  11),  near  the  Keeper's  Lodge,  so  much 
resorted  to  by  collectors,  at  which  few  specimens  of  gasteropoda  are 
found,  the  junction  of  the  Crag  with  the  London  Clay  was  only 
reached  at  a  depth  of  22  feet  (probably  19  or  20  feet  below  tbe 
marsh).  Fragments  of  large  lamellibranchs,  and  small  shells, 
perfect,  wore  brought  up  constantly  by  the  borer.  Layers  of 
the  former  seemed  to  occur  at  5  feet,  9  feet,  and  at  the  base  of  the 
Crag.  The  upper  part  of  the  section  exposed  at  this  place  has  been 
more  or  less  affected  by  infiltration .  The  lowest  beds  are  of  a  whitish 
colour,  but  they  gradually  become  more  ferruginous  upwards ;  in 
places  they  seem  to  shade  off  into  each  other,  so  that  it  is  difficult  to 
draw  the  line  between  them.  Prestwich  called  the  beds  at  Broom 
Hill  D  &  E,  but  if  colour  be  a  test,  some  of  them  should  rather  have 
been  placed  in  his  zone  G.  The  section  is,  however,  instructive, 
showing  the  process  by  which  the  upper  part  of  the  Coralline  Crag 
has  been  transformed.' 

^'  This  U  the  bed  regarded  by  Mr.  Burrows  as  belonging  to  sone  F ;  see  p.  325. 
'  Among  the  material  brought  up  by  the  borer  at  the  Broom  Hill  pit  I 
noticed  the  following  species : — 

Anomia  striata,  I  Astarte  parvttla. 

Ostrea  ungulata.  i  Venus  ovata. 

Pecten  Gerardii.  '  „      casina. 

„       tigrinm,  Cyprina  islandica. 

Pectuncuivs  glycimeria.  Tellina  donacina, 

Lucina  borealis.  Mactra  trtangula. 

Cardita  corbis.  Corbula  nucleus. 

„      scalnris. 

„      senilis. 
Astarte  Basterotii, 

,,      Burtinii. 

„  „      yhT.pisiformis 

„       Galeottii. 


Turritella  inerassata. 
,y        acutanguta. 
Ringic^  buccinea. 
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^  Between  the  Broom  Hill  pit  and  that  in  Sudhonrne  Park  near  the 
Hall  (No.  12),  rather  more  than  a  mile  to  the  north,  the  ha8e  of  the 
Crag  dips  still  farther,  its  junction  with  the  London  Clay  occorring 
at  the  latter  place  at  a  depth  of  31  feet  (probably  aboat  27  feet 
below  Ordnance  datum).  This  boring  took  4  or  5  days  to  complete, 
the  difficulty  being  to  extract  the  loose  and  wet  material.  Unless  the 
hole  is  kept  dear  as  the  work  goes  on,  the  borer  is  set  fast,  and  can 
be  regained  only  with  great  labour.  There  was  a  marked  absence 
of  fossils  at  this  spot,  little  else  being  brought  up  but  comminuted 
Crag.  No  seam  of  large  shells  was  met  with,  the  only  recognizable 
fragment  being  a  small  portion  of  the  hinge  of  a  Cyprtna,  from  a 
depth  of  30  ieet.  The  last  foot  or  two  of  the  Crag  both  here  and  in 
other  borings  was  of  a  bright  blue  colour.^ 

Exposures  of  the  shelly  sands  in  the  Orford  district  are  now 
confined  to  the  small  area  between  this  section  and  Butley  Creek, 
none  being  known  to  me  to  the  north,  except  the  small  seam  before 
alluded  to  in  the  Bullock-yard  pit  at  Iken,  Brick-kiln  Farm 
^No.  27).  Prestwich  stated,  however,  that  beds  belonging  to 
his  zones  D  &  F  might  be  found  at  Iken ;  but  now  the  Crag 
there  exposed  (with  the  above  excet>tion)  is  in  the  decalcified  and 
ferruginous  condition  of  the  upper  part  of  the  formation,  that  is,  of 
his  zone  G. 

The  various  sections  of  the  altered  Crag  show  the  same  difference 
in  character  as  do  those  of  the  lower  and  unaltered  Crag.  At 
one  pit  it  consists  of  fine  material  without  fossils,  except  perhaps 
an  occasional  valve  of  Peeten  operculdrU ;  at  another  it  is  crowded 
with  the  casts  of  large  shells ;  while  at  a  third  are  found  layers  of 
reef-buildiiig  polyzoa  in  tiieir  natural  position. 

I  bored  at  the  pit  of  ferruginous  Crag  at  Sudboume  Park  gates 
(No.  14),.  finding  comminuted  material  only,  for  nearly  20  feet,  and 
to  a  lower  level  than  that  at  which  the  shelly  sands  occur  at  the 
section  near  the  1B[all,  but  without  reaching  them.  The  surface  of 
the  Crag  at  this  pit  (No.  14)  is  about  33  feet  above  Ordnance  datum ; 
Adding  to  this  27  feet,  the  approximate  depth  below  Ordnance  datum 
of  the  base  of  the  formation  at  pit  No.  1 2  Just  below,  we  can  ascertain 
with  some  approach  to  accuracy  that  its  total  thickness  at  Sudboume 
is  60  feet.^  It  was  from  Sudbourne  that  three  of  the  samples  of 
material,  Nos.  5,  4,  and  6,  which  were  analysed  by  Messrs.  Sutton, 
were  taken,  the  first  being  from  the  upper  part  of  the  indurated  Crag 
at  section  No.  14,  the  second  from  the  shelly  sand  in  the  Hall  pit 


These  species,  coming  from  the.  lowest  part  of  the  Crag,  are  all  found  at 
higher  levels  in  the  immediate  Ticinity,  and  at  Sutton.  At  this  spot  uniralTee 
are  equally  scarce  in  the  20  feet  of  Orag  above,  and  in  the  20  feet  below  the 
water-levu,  while  at  the  Gk>mer  pit,  less  than  a  mile  distant,  as  we  have  seen, 
they  are  vMy  abundant  in  the  same  stratigraphical  position.  If  the  Gomer 
be^  oontaining  unifalves  abundantly,  were  continuous,  we  ought  to  hare  met 
with  them  at  other  localities  in  some  of  our  borings,  which  was  not  the  case. 

1  See  p.  323. 

^  This  was  the  estimate  originally  made  by  Mr.  Wood  and  myself  in  1872, 
Suppl.  *OrMr  MoUusca,'  Introd.  p.  iii,  Monogr.  Palnont  Soc.  Prestwich*t 
figures  are  So  feet. 

2b2     r  ^  , 
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(No.  12),  and  the  third  from  the  seam  of  bright  blue  staff  brought 
from  the  bottom  of  the  boring  at  the  same  place. 

There  is  no  evidence  to  show  that  the  Coralline  Crag  extends 
either  west  or  east  of  the  main  mass  of  the  formation  exposed 
between  the  rivers  Deben  and  Aide.  The  Bed  Crag  rests  against 
it,  however,  on  the  west  side  in  the  parishes  of  Chillesford  and 
Iken,  on  the  east  side  near  Orford  Castle,  and  at  pits  19  &  20  at 
Sudboume.  Mr.  Whitaker  states,'  moreover,  that  ^^ite  Crag,  con- 
sidered by  him  as  of  Hed  Crag  age,  was  met  with  in  borings  at  the 
Lantern  marshes  at  Orford,  resting  on  the  London  Clay  at  a  depth 
of  about  30  feet,  no  Coralline  Crag  being  there  present. 

Having  established  the  fact  of  the  progressive  dip  of  the 
junction  between  the  Coralline  Crag  and  the  London  Clay  between 
Sutton  and  Sudboume,  and  having  failed  to  discover  in  the  beds 
penetrated  any  evidence  of  the  continuity  of  the  supposed  zones  in 
the  outliers  at  the  former  locality,  it  did  not  seem  necessary  to 
carry  the  borings  farther  north,  especially  in  view  of  the  increasing 
difficulty  and  expense  of  doing  so.  As,  however,  the  gradient  is 
more  or  less  uniform  where  it  can  be  tosted,  it  does  not  seem 
improbable  that  the  line  separating  the  two  deposits,  which  can  be 
drawn  with  accuracy  from  Sutton  to  Sudboume,  may  be  produced 
towards  Aldeburgh  and  Sizewell  also  (see  fig.  5,  p.  328).  If  this 
be  so,  the  base  of  the  Crag  would  be  reached  at  a  depth  of  about  48 
feet  under  the  former,  and  of  about  68  feet  under  the  latter  place, 
making  the  total  thickness  of  the  formation  60  feet  at  Aldeburgh, 
as  it  is  at  Sudboume. 

In  the  sections  (figs.  3, 5,  &  7,  pp.  324,  328  &  332)  I  have  shown 
the  various  positions  in  which  seams  of  large  shells,  either  perfect  or 
in  the  form  of  casts,  occur  in  the  unaltered  and  in  the  decalcified 
Crag.  I  have  already  stated  where  they  are  to  be  found  in  the 
former.  In  the  latter  they  may  be  seen  at  the  following,  among 
other  localities: — At  pit  No.  14,  near  Sudboume  Park  gates;  at 
Iken,  Nos.  27  &  28 ;  at  Aldeburgh,  No.  29,  close  to  the  river-bank ; 
No.  31,  near  the  railway-station ;  and  at  Nos.  32  &  33,  farther 
north.  Some  of  these  seams  are  chiefly  composed  of  the  casts  of 
Cardium  decorticatum,  while  in  others  Cyprina  islandica  is  the  pre- 
vailing form.  The  first-named  occur  in  several  places  in  the  upper 
part  of  the  Crag,  as  at  Sudboume  and  Aldeburgh,  and  it  might  be 
supposed  that  they  represent  a  later,  as  those  containing  Cyprina 
represent  an  earlier  zone.  At  Iken,  however  (No.  27),  midway 
between  those  two  localities,  both  forms  are  present  in  the  rock- 
bed,  though  Cyprina  is  by  far  the  most  common.'  These  species 
occur  in  all  parts  of  the  Bed  Crag,  however,  and  neither  of  them 
has  any  stratigraphical  value.  In  his  list  of  the  moUnsca  of  the 
CoraUiue  Crag,  Prestwich  remarks  of  both  that  they  occur  |>aMtm. 

My  son,  W.  D.  Harmer,  has  taken  two  photographs  of  the  sections  at 
Iken  (No.  27).    The  first  (fig.  9,  p.  340)  shows  a  small  patch  of  shelly 

•  Mem.  Geol.  Surv.  1886,  Aldboroiigh,  p.  53. 

^  Mr.  Kendall  found  a  bed  cuntnining  Curdium  decorticatum  abundantly  in  the 
lower  part  of  the  Crag  at  Gomer  (see  p.  334). 
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sand,  about  6  inches  thiok,  and  3  or  4  yards  long,  which  is  exposed 
in  the  side  of  a  gangway  leading  down  into  a  deep  Crag  pit,  used 
as  a  bnllock-yard.  In  it  occur,  in  the  order  of  their  abundance, 
Cyprina  islandica,  Cardita  senilis,  Cardium  decortieaium,  Mytilus 
edulis,  Venus  casina,  and  some  other  of  the  larger  characteristic 
Crag  species,  with  a  few  smaller  ones,  such  as  Limopsis  aurita, 
Cytherea  rudis,  Venus  ovata,  and  Mactra  triangula.  They  are  quite 
perfect,  and  in  similar  condition  to  those  that  may  be  found  in  the 
shelly  sands  at  Gedgrave  or  Sudboume.  The  matrix  in  which  they 
are  embedded  resembles  that  of  the  shelly  sands  of  those  localities, 
being  composed  of  calcareous  matter  full  of  minute  shell- fragments, 
and  containing  much  glauconite.  It  has  been  to  some  extent 
coloured  by  infiltration  from  the  overlying  ferruginous  beds,  but 
the  fragments  of  the  arragonite-shells  and  Uie  grains  of  glauconite 
have  not  beeiju  affected  thereby  to  any  great  extent.  The  same  seam 
is  seen  in  the  pit  itself  (see  fig.  10,  p.  341)  to  occur  in  the  midst  of 
the  ferruginous  rock-bed,  but  it  appears  to  be  gradually  losing  its 
unaltered  condition,^  the  small  shells  and  the  shdl-/ragments  having 
disappeared,  and  only  the  thick  and  strong  specimens,  such  as 
Cyprina,  remaining.  Tracing  the  seam  laterally  along  the  sides  of 
the  pit,  the  Cyprina  are  replaced  by  casts,  with  an  occasional  valve, 
almost  decomposed,  and  in  a  very  friable  condition.' 

In  another  pit  at  Iken  (No.  28),  below  the  last  and  near  the 
marsh,  there  is  a  similar  seam  of  large  shells,  in  the  ferruginous 
rock,  but  in  the  form  of  casts  only.  These  (7^|>nna-beds,  which 
have  been  supposed  to  be  distinctive  of  Prestwich's  zone  D,  and 
which  I  have  traced  to  the  base  of  the  Crag,  are  thus  found  to 
exist  also  in  what  is  evidently  the  highest  part  of  the  formation. 

Beds  containing  the  casts  of  large  shells  are  found  in  all  the 
Aldeburgh  sections,  as  at  Nos.  29,  31,  32,  &  33.*  At  pit  No.  31, 
near  the  railway-station,  the  seam  is  from  4  to  6  feet  thick,  and 
contains,  in  addition  to  the  species  found  at  Iken,  specimens  of 
Valuta  Lamberti  (very  large)  and  Panopofa  Faujasii,*  Beds  of 
large  shells  in  the  form  of  casts  are  quite  as  abundant  in  the  upper 
part  of  the  Crag  at  Iken  and  Aldeburgh  (Prestwich's  zone  G)  as  the 
shells  themselves  are  in  the  lower  portion  (zone  D)  at  Sutton,  Ged- 
grave, and  Sudboume.* 

^  The  sharp  fracture,  when  thej  are  broken,  of  the  shelis  in  the  gangway 
(fig.  9)  is  in  striking  contrast  with  the  soft  and  marly  condition  of  some  of 
the  specimens  in  the  pit-section  (fig.  10). 

'  Mr.  Kendall  informs  me  thnt  some  years  ago,  by  dieging  through  the  floor 
of  the  pit  of  indurated  Crag  at  Aldeburgh  (No.  ^),  he  found  a  number  of 
specimens  of  Cardium  decortwatum  in  a  similarly  rotten  and  partly  decalcified 
condition. 

'  At  pit  No.  34  there  is  a  seam  containing  specimens  of  Mytilua  in  great 
profusion,  a  form  which  is  by  no  means  so  abundant  at  other  looilities. 

*  I  bored  here  for  20  feet,  through  comminuted  ferruginouJB  Orag,  without 
reaching  the  shelly  sands. 

*  It  has  been  shown  that  large  species  of  mollusca  occur  abundantly  in 
places  in  the  upper  or  ferruginous  part  of  the  Crag.  It  can  hardly  be 
supposed  that  small  forms  were  absent  from  the  sea  of  that  period,  but  in 
material  so  loose  and  friable  it  is  lees  probable  that  traces  of  them  would  be 
preserred* 
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Seams  of  reef-bmlding  poljzoa  are  present  at  various  localities 
in  the  upper  part  of  the  Crag  (zone  G  of  Prestwich),  as,  for  example, 
at  Aldeburgh  (pits  30  &  33),  at  Iken  (pit  24,  etc),  and  at  Sud- 
boume  (pit  18) ;  but  this  is  also  the  case,  as  Sir  Joseph  reminds  us, 
at  Sutton,  in  what  he  regards  as  zone  E.^ 

At  pit  22^  where  the  ferruginous  Crag  (zone  G)  is  composed 
simply  of  comminuted  material,  specimens  of  Fascieuiaria  are  very 
common,  but  they  occur  also  at  other  localities  in  the  unaltered 
Crag,  as  at  Broom  Hill  (No.  11),  and  at  Sutton  (Prestwich's  7X>nes 
E  &  F).  Generally  the  Crag  along  its  eastern  margin,  as  at 
pits  15,  20,  22,  &  23,  is  composed  of  comminuted  material  only, 
the  seams  of  large  shells  occurring  principally  in  the  western  por- 
tion ;  this  may  be  accidental,  or  it  may  be  due  to  the  action  of 
currents  varying  in  strepgth. 

Thus  no  satisfactory  division  can  be  drawn  between  the  shelly  sands 
and  the  ferruginous  rock.  We  have  seen  that  at  one  locality  (No.  3) 
the  indurated  Crag  comes  down  to  within  10  feet  of  the  base  of  the 
formation,  while  at  another,  within  a  distance  of  2  miles  (No.  12), 
the  shelly  sands  have  a  thickness  of  40  feet.  It  is  dear  that  the 
rock-bed  has  been  affected  by  the  percolation  of  acidulated  water,  as 
it  is  in  this  way  that  the  arragonite-shells  have  been  removed. 
The  irregular  line  separating  the  two  varieties  of  Crag  may  be  due 
therefore  to  the  greater  or  less  depth  to  which  the  iiidUtration  has 
penetrated.  That  this  explanation  is  the  correct  one  is,  I  think, 
proved  by  the  Iken  section,  where  for  a  short  distance  only  a  small 
portion  of  the  shelly  sands  has  been  accidentally  protected  from  its 
operation. 

K,  then,  the  separation  between  the  two  principal  and  apparently 
self-evident  divisions  of  the  formation  breaks  down,  it  will  add  to 
the  difficulty  of  maintaining  the  distinction  between  the  remaining 
zones  B,  C,  D,  E,  &  F,  into  which  Prestwich  proposed  to  divide  one 
of  them — divisions  which  cannot  be  worked  out  stratigraphically, 
and  which  do  not,  I  submit,  represent  any  distinctive  palseontologi<»J 
horizons. 

I  have  discussed  the  zone-theory  of  Sir  Joseph  Prestwich  at  con- 
siderable length,  and  with  much  detail,  not  only  because  it  seems 
due  to  so  eminent  a  man  to  do  so,  but  also  because  of  the  great 
importance  of  the  subject.  It  is  hopeless  to  attempt  to  arrive 
at  any  clear  conception  of  the  history  of  the  older  Pliocene  period 
in  England,  unless  we  can  first  ascertain  whether  this  hypothesis, 
with  all  its  far-reaching  consequences,  should  be  accepted  or  not. 

Let  us,  however,  enquire  whether  there  is  any  evidence  in  fiivour 
of  his  view  that,  commencing  with  a  gradual  invasion  of  the  English 
part  of  the  area  by  the  sea  (indicated  by  the  basement-bed  A),  the 
formation  of  the  Coralline  Crag  was  attended,  first  by  an  important 
subsidence,  and  then  by  a  re-emergence  of  the  Anglo-Belgian  basin. 
The  former  is  said  to  have  taken  place  during  period  B,'  beds  C  & 

»  Quart.  Journ.  Geol.  Soc.  toI  xxvii  (1871)  p.  119. 

'  Ibid.  p.  135.  Only  one  exposure  of  «>ne  B  is  recorded  by  Prestwioh, 
namely,  a  bed  at  Sutton  4  feet  thick. 
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D  beiog  afterwards  deposited  in  a  comparatively  deep  and  tranquil 
sea,  which,  daring  period  E,  is  supposed  to  have  attained  a  depth 
of  from  500  to  1000  feet.  Beds  F  &  G  were  believed  by  Prestwioh 
to  indicate  a  gradual  upheaval,  the  latter  having  originated  in 
water  sufficiently  shallow  to  allow  of  the  denudation  of  the  older 
portion  of  the  Crag  by  current-action,  and  the  heaping-up  of  the 
resulting  material  in  the  form  of  submarine  banks. 

In  the  first  place,  I  would  point  out  that  in  no  part  of  the 
Coralline  Crag  have  we  any  indication  of  deep-water  conditions. 
Sir  John  Murray  states  that  along  the  continental  shores  which 
face  the  great  oceans  the  sea-bottom  is  generally  covered  with  mud 
below  the  100-fathom  line,^  and  Prof.  Herdman  finds  this  mud-zone 
in  the  Irish  Sea  at  50  fathoms.^  Such  deposits  are  known  to  aU 
geologists,  as  for  example,  in  the  Argiles  bleues  of  Antibes  and 
the  Ligurian  coast,  where  fossiliferous  beds  have  quietly  accumulated 
in  deep  water  near  the  old  shore-line.  They  are  not  distinctly 
stratified  as  is  the  Coralline  Crag,  and  the  shells  are  not  arranged 
in  layers,  but  occur  here  and  there  ut  different  levels. 

Coming  nearer  home,  we  have  in  Belgium  the  Isocardia  eor-beds, 
contemporaneous  with  the  Coralline  Crag,  which,  though  not  repre- 
senting deep-sea  conditions,  are  of  a  character  similar  to  those  just 
mentioned.  In  them,  as  M.  Van  den  Broeck  informs  me,  the  lamelli- 
branchs  are  always  found  with  the  two  valves  united,  and  never 
arranged  in  layers.  The  enormous  preponderance  of  the  specimens 
found  in  the  Coralline  Crag  consists,  on  the  contrary,  of  the  drifted 
and  stratified  remains  of  dead  animals.  A  few  bivalves  occur  in  it 
double,  and  some,  as  at  Goroer,  in  the  position  of  growth ;  but  there 
is  no  reason,  on  the  one  hand,  why  lamellibranchs  may  not  occa- 
sionally be  found  living  in  sheltered  spots  on  banks  of  dead  sheUs, 
nor  why,  on  the  other,  living  shells  should  not  sometimes  be  carried 
along  the  bottom  by  currents  with  other  debris,  and  be  buried 
with  them.  Constant  reference  is  made  in  the  British  Association 
Beports  on  Dredging  to  the  occurrence  of  dead  moUusca  with  both 
valves  united,'  and  my  son,  Dr.  S.  F.  Harmer,  informs  me  that  such 
an  occurrence  is  by  no  means  unusual. 

The  difference  between  the  Isocardia-hedB  of  Belgium  and  the 
Coralline  Crag  is  most  marked  and  very  instructive.  In  the  one 
case,  we  have  an  ancient  sea-bottom,  with  the  mollusca  in  situ,  as 
they  lived ;  in  the  other,  masses  of  dead  shells  accumulated  by  tine 
action  of  currents.  The  beds  of  Prestwich's  zone  £,  which  he  con- 
siders to  be  indicative  of  deep-sea  conditions,  are  of  the  same  drifted 
and  stratified  character  as  the  rest  of  the  formation.* 

The  mollusca  found  in  the  Coralline  Crag  cannot  be  regarded  as 

»  Challenger  Reports,  Sammary,  vol.  ii.  p.  1433. 

*  Bep.  Brit  Aflsoo.  (Ipswich)  1896,  p.  703. 

'  See,  for  example,  Bep.  Brit.  Assoc.  (Dablin)  1857,  List  of  Shells  from 
Turbot  Bank,  p.  230. 

*  As  to  this,  see  alfo  Clement  Beid,  Mem.  Qeol.  Surr.  1890, '  Flioc.  Deposits 
of  Britain,'  p.  30,  who  says:— 'I  have  been  unable  to  recognize  in  Prof,  rrest- 
wioh*s  dtrision  e  a  hingle  stratum  unaffected  b^  current-bedding.' 
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deep-water  forms.  Many  of  tbem  have  a  wide  bathymetrical  range, 
but,  speaking  generally,  the  fauna  belongs,  as  has  often  been  pointed 
out,  to  the  Coralline  zone  of  Edward  Forbes  (15  to  50  fathoms), 
although  a  few  species  characteristic  of  both  deep  and  shallow  water 
are  present.  If,  however,  as  I  believe,  the  shells  have  been  drifted, 
the  Coralline  Crag  fauna  indicates  the  depth  of  the  sea  in  which 
the  mollosca  lived,  rather  than  that  of  the  deposit  in  which  they 
are  embedded.' 

Prestwich  believed  that  the  polyzoan  fauna  of  the  Coralline 
Crag  points  generally  to  deep-water  conditions,  and  he  specially 
instanced  the  genus  Lepralia  (of  which  many  species,  according 
to  Busk,  occur  in  it)  and  some  others,  as  characteristic  of  deep 
seas,  llie  classification  of  the  Polyzoa  has  been  much  altered 
of  late  years,  but  all  the  recent  species  described  by  Busk  as 
Lepralia  are  found  at  moderate  depths,  and  he  said  of  them  that 
they  have  perhaps  a  greater  power  of  adaptation  to  different  circum- 
stances than  is  possessed  by  any  other  group  of  these  animals.^ 
In  a  letter  to  Mr.  Wood,  Busk  expressed  his  opinion  that  the 
Crag  polyzoa  may  have  lived  at  any  depth  from  the  surface  down- 
wards,' and  with  this  opinion  my  son,  who  has  paid  much  attention 
to  this  subject,  agrees.  Mr.  A.  W.  Waters  states,  it  is  true,  that 
in  the  Bay  of  Naples  the  Cydostomata  (polyzoa  unprovided  with 
an  operculum)  are  not,  as  a  rule,  found  in  shallow  water,  though 
the  CheilostomatA  often  are  * ;  but  almost  all  the  Crag  forms 
belonging  to  the  first  are  of  extinct  species,  of  whose  habits  we 
are  ignorant,  while  the  few  living  Crag  species  of  the  latter  are  said 
to  live  in  shallow  as  well  as  in  deep  water.  Polyzoa  are,  moreover, 
quite  as  abundant  in  the  current-bedded  portion  of  the  upper  part 
of  the  formation,  which  Prestwich  considered  was  deposited  in 
shallow  water,  as  in  those  beds  which  he  believed  to  have  originated 
at  a  greater  depth.  Many  of  the  recent  polyzoa  have,  like  the 
moUusca,  a  wide  bathymetrical  range,  and,  at  least,  it  may  be 
said  of  the  Crag  forms  that  they  lend  little  support  to  the  deep- 
water  theory. 

No  such  depth  as  500  to  1000  feet  is  known  at  present  in  the 
southern  part  of  the  North  Sea,  nor  in  the  English  Channel.  If 
such  a  subsidence  had  occurred  during  the  Crag  period,  it  could 
not  have  been  local  merely,  but  would  have  extended  either  in  an 
easterly  or  a  westerly  direction.  In  the  one  case  it  would  have 
caused  the  submergence  of  the  Miocene  beds  of  North  Germany,  in 
the  other  it  would  have  carried  the  sea  over  a  great  part  of  the 
midland  counties  of  England ;  but  of  such  extensions  of  the  Gennan 
Ocean  during  the  Pliocene  period  there  is  no  evidence,  and  they 

'  On  the  Turbot  Baok,  off  the  Antrim  coast,  to  whioh  refmnce  wiU  be  made 
hereafter,  a  few  deep-water  species  were  found,  dead,  in  25  to  30  fathoms,  which 
were  afterwards  discovered  living  in  a  deeper  and  adjoining  part  of  the  Irish  Sea. 

'  '  Graff  Polyzoa,'  Monogr.  Paleont.  Soc.  1859,  p.  38. 

'  SuppL  '  Crag.  Mollusca,'  Introd.  p.  v,  Monogr.  PalsBont  Soc.  1872. 

*  Quart..  Joum.  GeoL  Soc  voL  il  (1884)  p.  681. 
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Seem  equally  improbable.  The  Belgian  geologists  know  of  no  snob 
invasion  of  their  country  by  the  sea.  They  are  rather  of  opinion 
that  it  receded  in  a  northerly  direction  towards  the  end  of  the 
Diestien  period  (see  map,  fig.  1,  p.  316).  Moreover,  such  a  sub- 
sidence, greatly  increasing  the  depth  of  the  North  Sea  and  carrying 
it  over  a  largely  extended  area,  must  have  brought  about  an  entirely 
new  set  of  conditions,  with  new  shore-lines,  an  altered  system  of 
drainage,  and  sediments  as  well  as  currents  of  a  different  character. 
Alterations  in  the  relative  level  of  land  and  sea  are  supposed  to 
take  place  very  slowly,  and  a  depression  and  re-elevation  of  such 
magnitude  would  probably  have  been  attended  not  only  by  the 
deposition  of  beds  varying  in  composition  and  commensurable  in 
importance  with  the  protracted  period  which  they  represented,  but 
also  by  some  marked  changes  iu  the  moUuscan  fauna.  The  Pliocene 
strata  of  Holland,  which  are  many  hundreds  of  feet  in  thickness, 
and  have  accumulated  pari  passu  with  the  subsidence  which  has 
affected  that  countr}%  are,  for  example,  easily  separated  into  zones, 
even  by  the  chance  specimens  found  in  boring.  It  seems  incon- 
ceivable, therefore,  that  if  such  vast  changes  had  taken  place  in  the 
conditions  of  the  Crag  basin  as  those  postulated  by  Prestwich, 
the  Crag  fauna  would  have  remained  substantially  unaltered  during 
the  whole  time,  and  that  the  various  stages  would  have  been  severally 
represented  by  a  few  feet  only  of  current-caused  sediment  of  the 
same  character  throughout,  even  when  tested  by  chemical  analysis. 
I  am  not  aware  that  a  single  fact  has  been  adduced,  either  by  the 
geologists  of  England  x>r  the  Continent,  in  confirmation  of  the  theory 
of  a  great  subsidence  during  the  Coralline  Crag  epoch. 

I  am  equally  unable  to  accept  Prestwich's  view  that  at  one 
part  of  the  Coralline  Crag  period  the  temperature  of  Northern 
Europe  fell  so  considerably  as  to  permit  of  the  presence  of  floating 
ice  in  the  Crag  basin,  bringing  boulders  into  it  either  from  Scan- 
dinavia or  the  Ardennes.  This  hypotheeb,  which  seems  to  rest  on 
the  otherwise  unexplained  presence  of  a  single  waterworn  block 
of  porphyry  (^  neither  angular  nor  striated')  *  in  the  basement-bed 
at  Sutton,  seems  to  me  at  variance  both  with  the  fossil  evidence  and 
with  the  probabilities  of  the  case. 

Among  the  extinct  species  of  the  Coralline  Crag  we  find,  as  is 
well  known,  a  number  of  genera  characteristic  of  warmer  seas  than 
our  own,  while  the  recent  forms  are  preponderatingly  southern. 
With  one  exception,  Buecinopsis  DaUi^^  a  survivor  from  Miooene 
times,  but  not  at  present  known  living  south  of  the  western  coast 
of  Ireland^  all  the  more  abundant  recent  moUusca  of  the  Coral- 
line Crag  are  now  to  be  found,  either  in  the  Mediterranean,  or  along 
the  Atlantic  cpasts  of  France  and  Portugal,  while  a  third  of  the 
number  have  an  exclusively  southern  range.'      Purely   northern 

^  Quart.  Joura.  OooL  Soo.  toL  xxfii  (1871)  p.  117. 
*  SeealtoGeoL  Mag.  1896,  p.  27. 

'  There  is  a  similar  abtenoe  of  boreal  and  aroUo  shells  from  the  Diestien  beds 
of  Belgium. 
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forms  are  so  rare  in  the  Coralline  Crag  that,  if  it  were  poesible  to 
count  specimens  rather  than  species,  the  southern  would  outnumber 
the  northern  by  many  hundreds,  possibly  by  many  thousands,  to 
one.* 

No  ice  reaches  our  shores  at  the  present  day  either  from  Scan- 
dinavia or  Belgium,  and  the  winter  temperature  of  Northern 
Europe  would  have  to  fall  considerably  before  such  a  condition  could 
arise.  As  to  Scandinavia,  the  almost  entire  absence  of  boreal  or 
arctic  shells  from  the  Coralline  Crag  makes  it  probable  either  that  the 
Crag  basin  was  then  closed,  or  at  least  less  open  to  the  north  than 
it  is  at  present  (see  also  p.  350),  or  that  the  temperature  of  Scandi- 
navian seas  was  affected,  as  it  now  is,  but  to  a  greater  extent,  by  the 
warm  currents  of  the  Gulf  Stream  ;  while,  as  to  Belgium,  no  similar 
ice-borne  debris  occur  in  the  Diestien  beds  of  that  country.  It 
should  be  noticed,  moreover,  that  the  block  of  porphyry  in  question 
was  not  found  in  the  Coralline  Crag,  but  at  its  base,  in  abed  full 
of  extraneous  fossils  and  debris,  having  no  distinctive  character  of 
their  own,  forming  a  medley  and  heterogeneous  group,  derived 
from  various  Mesozoic  as  well  as  Tertiary  formations.  It  seems  to 
me  more  than  probable  that  the  block  of  porphyry  also  was  derived 
from  some  older  formation,  and  that  therefore  it  has  no  bearing  on 
the  question  of  climate.  A  similar  argument  may  be  applied  to  the 
occurrence  of  those  mammalian  remains  which  have  been  supposed 
to  indicate  the  character  of  the  land-fauna  of  the  Coralline  Crag 
period.  Such  fossils,  however,  occur  at  the  base  of  the  Bed  Crag 
also,  and  this  point  may  be  perhaps  more  conveniently  discussed 
when  dealing  with  that  formation. 

I  entirely  agree  with  those  who  think  that  the  climate  of 
the  Coralline  Crag  period  was  warmer  and  not  colder  than  that 
of  Great  Britain  at  the  present  day,  resembling  rather  that  of 
the  Mediterranean,  or  even  the  Azores,  and  I  see  no  reason  for 
admitting  the  probability  of  great  climatic  changes  during  any  part 
of  it. 

*  Prestwich,  howerer  (Quart.  Journ.  Geol.  Soc.  voL  xxvii,  1871,  p.  135), 
following  Gwyn  Jeffreys,  who  considered  them  to  be  identical  with  toe  well- 
known  Crag  species,  tabulated  the  undermentioned  as  northern  forms  of  the 
Coralline  (>ag ; — 

AjUarte  undata  ( Americau),Gould = A.  OmalU,    1  Extinct  rateoies  aooording  to 

Glycinneris silioua'Ohem,  =  GL  angutta.  j      8.  V.  Wood. 

{A.  Omalii  ana  Gl.  angusta  are  both  found  in  the  Miocene  of  Belgium,  aud 
therefore  can  be  hardly  considered  as  boreal  species.) 

Tellina  cakarea^  Ohem.=  T.  obliqua. 

( Teilina  calcarea  [lata]  is,  I  consider,  an  entirely  distinct  form,  specially 
characterizing,  moreover,  one  of  the  Uter  horizons  of  the  Upper  Crag.  It  is 
unknown  in  the  Coralline  Crag.) 

Several  other  species  are  mentioned  by  Prestwioh,  but  either  they  are  rare  in 
the  Coralline  Crag,  or  are  also  found  in  the  Mediterranean  or  the  Lusitanian 
areas. 

Two  species  of  foraminiferaare  mentioned  as  northern  :—Lagena  globoM  and 
L.  ornata.  The  former  is  said,  by  the  authors  of  '  The  Foraminifera  of  the 
Crag,'  to  be  found  in  all  seas,  and  to  have  existed  since  the  Silurian  period 
(p.  177).  The  latter  is  unknown  from  the  Coralline  Crag.  It  is  found,  but 
rarely,  at  St.  Erth  (p.  380)  and  in  the  Pliocene  of  Sicily. 
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My  theory  of  fche  Coralline  Crag  is  simpler  than  Prestwich's. 
I  not  only  believe  with  him  that  in  the  upper  part,  bat  that  in 
the  whole  of  the  formation  we  have  the  remains  of  a  series  of 
submarine  banks.  This  view,  first  suggested  by  Mr.  Wood,  Sen., 
in  1863  \  has  since  been  adopted  by  Mr.  C.  Reid.*  I  doubt, 
however,  whether  these  banks  originated  *far  from  shore,*  as 
tiie  latter  writer  is  inclined  to  think.  The  bed,  a  foot  thick, 
observed  by  Prestwioh  at  Sutton  (his  zone  A)  was  evidently  accu- 
mulated under  conditions  different  from  those  of  the  rest  of  the 
deposit,  representing  the  commencement  of  the  re-invasion  of  East 
Anglia  by  the  sea.  No  trace  of  any  stone-bed  was  met  with  in 
any  of  the  six  borings  at  Gedgrave  and  Sudbourne  in  which  the 
London  Clay  was  reached,  but  this  is  not  conclusive  that  no  such 
bed  exists  there,  as  the  borer  might  possibly  in  every  case  have 
failed  to  strike  a  stone,  and  the  nodule-bed  certainly  occurs  at 
Boyton,  only  a  mile  distant  from  one  of  them,  on  the  south  side  of 
Butley  Creek.  It  seems  to  me  that,  with  the  exception  of  this 
thin  basement-bed,  the  Coralline  Crag  from  top  to  bottom  was 
deposited  under  more  or  less  uniform  conditions,  in  water  suffi- 
ciently shallow  to  be  within  the  reach  of  currents,  at  no  great 
distance  from  the  margin  of  the  Crag  sea,  and  in  banks  which  were 
probably  parallel  with  it.  NotwithstancQng  the  slight  differences 
noted  by  Mr.  Sutton  between  the  different  samples  submitted  to 
him,  differences  not  greater  than  those  to  be  observed  in  contiguous 
parts  of  the  sea-bottom  at  the  present  day,  the  material  of  which 
this  formation  is  composed  has  essentially  the  same  character 
throughout ;  and  if  this  be  so,  it  seems  that  little  deposition  of  sedi- 
ment took  place  in  the  Crag  area  (or  that  it  was  afterwards  removed 
by  current-action),  until  those  conditions  were  established  which 
caused  the  accumulation  of  the  banks  postulated  by  my  theory. 

I  see  no  reason  for  supposing  that  these  conditions  differed 
greatly  from  those  now  existing  in  the  German  Ocean,  or  in  the 
shallow  seas  surrounding  the  British  Isles,  except  that  they  were 
associated  with  the  prevalence  of  a  warmer  climate.  The  present 
may  thus  throw  light  on  the  past,  and  if  we  cannot  absolutely 
restore  the  geographical  features  of  the  Coralline  Crag  period,,  we 
may  at  least  picture  to  ourselves  generally  the  circumstances  under 
which  it  must  have  originated. 

In  the  first  place,  there  is  no  evidence  that  beds  of  dead  and 
drifted  shells  are  now  being  laid  down  simultaneously  in  British 
Seas  over  large  and  continuous  areas.  Deposits  of  shelly  sand  may 
accumulate,  however,  in  at  least  two  ways :  as  submarine  banks, 
limited  in  extent  and  caused  by  current-action,  or  as  littoral  drift. 
The  former  seems  to  me  to  represent  the  conditions  attending  the 
deposition  of  the  Coralline  Crag,  the  latter  those  under  which  the 
different  Bed  Crag  beds  originated.  Two  examples  of  the  first  may 
be  given. 

'  Quoted  in  '  Fonminifera  of  the  Crag/  Monogr.  Palnont  See,  latrod.  p.  ii 
(1866). 
'  Mem.  Oeol.  Sunr.  1800,  '  Plioc.  Deposits  of  Britain/  p.  41. 
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Some  yean  aga  dredging  was  icarried  on  raiher  exten^iyelj 
under  the  direction  of  Committees  of  the  British  Association  for 
the  Advancement  of  Science.  In  every  case  hut  one  recorded  hy 
them,  a  much  larger  proportion  of  living  than  of  dead  specimens 
of  moUusca  were  found.  On  the  Turhot  Bank  hefore-mentionedi 
however,  9  species  only  of  the  former  were  found,  as  compared  with 
175  of  the  latter,  many  of  the  specimens  of  the  dead  lamellir 
hranchs  heing  douhle.'  The  Turhot  Bank  stretches  from  the 
entrance  of  Bdlfast  Lough  towards  the  Copeland  Islands,  and  lies  at 
a  depth  of  ahout  25  to  30  fathoms.  It  rests  against,  and  gradually 
shallows  towards  the  shore,  extending  seaward  for  a  short  distance 
only,  and  shelving  rapidly  into  deeper  water. 

The  coast  of  Antrim  is  separated  ffom  the  Mull  of  Cantire  hy 
a  narrow  channel  through  wMch  the  tidal  currents  run  with  great 
velocity.  Consequently  no  deposition  takes  place  there,  glacial 
strata  heing  still  exposed  at  the  hottom  of  the  sea,  uucovexed  hy 
more  recent  heds.  The  influence  of  these  currents  is  felt  to  a 
considerahle  depth,  so  that  the  dredging  operations  were  sometimes 
seriously  hampered  hy  them.  It  is  to  these  currents  that  the 
accumulation  of  dead  shells  farther  south,  on  the  Turbot  Bank  and 
elsewhere,  is  due.  The  shells  are  swept  up  by  them  from  the  sea- 
bottom  on  which  the  molluscs  live,  and  redeposited,  not  where  the 
currents  are  running  strongly,  but  in  comparatively  sheltered 
places  where  their  influence  is  less  felt.^ 

The  moUuscan  fauna  of  the  Turbot  Bank  is  of  a  character  zoologi- 
cally similar  to  that  of  the  Coralline  Crag,  nearly  all  the  existing 
British  species  known  from  the  latter  being  commpn,  to  the  twp 
deposits.  The  percentage  of  single  to  double  and  of  dead  to  living 
shells  is,  however,  much  larger  in  the  Crag. 

Some  beds,  composed  almost  entirely  of  organic  material,  princi- 
pally the  shells,  often  fragmentar}%  of  dead  mQll^8ca,  extending 
over  a  limited  area  only,  have  more  recently  beep  discovered  near 
the  southern  end  of  the  Isle  of  Man  by  the  Liverpool  Biology 
Committee,  and  are  described  in  their  annual  Keports.  To  these 
deposits,  which  are  similar  in  character  to  the  shelly  sands  of  the 
Coralline  Crag,  the  term  *  neritic '  has  been  applied  by  Prof.  Herd- 
man.'  From  him,  and  from  Mr.  J.  Lomas,  F.G.S.,  of  University 
College,  Liverpool,  I  learn  that  they  are  due  to  the  strong  currents 
which  sweep  through  the  Calf  Sound ;  that  they  are  not  spread 
evenly  over  the  sea-floor,  but  occur  in  the  form  of  banks ;  and 
that  beds  of  large  shells  are  often  found  in  one  plape,  and  smaller 
shells  in  another.  Moreover,  dead  and  living  shells  seldom  occur 
^together,  and  it  happens  frequently  that  in  spots  where  moUuscan 
Jife  is  most  abundant  no  fossil  record  of  it  is  accumulating.  Most 
of  the  mollusca  found  in  the  Irish  Sea  live  at  a  depth  of  less 

1  Keport  Brit  Assoc.  (Dublin)  1857,  p.  230. 

^  Otner  banks,  containing  many  dead  shells  and  dae  to  the  same  cause,  occur 
in  the  immediate  neighbourhood,  as,  for  example,  '  the  Biggs,' situated  a  mile 
south  of  Donaghadee  and  a  mile  from  land,  in  about  20  fathoms. 

'  In  a  letter  to  me  Prof.  Herdman  speaks  of  this  material  at '  recent  crag.' 
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than  50  fathoms. .  Below  that  but  few  oocnr,  except  Isoeardia  cor. 
This  mad-loving  form  is  very  rare  in  the  Coralline  Crag.* 

Mr.  W.  H.  Wheeler,  M.I.C.E.,  of  Boston,  in  an  interesting  paper 
read  before  the  Institution  of  Civil  Engineers  in  1896,'  shows,  inter 
aliaf  'that  the  contour  of  the  sea-bed,  on  a  sandy  coast,  when 
covered  with  a  moderate  depth  of  water,  remains  in  a  stable  con- 
dition, and  that  so  long  as  the  conditions  remain  the  same,  the 
form  of  the  banks  and  the  depth  of  the  channels  are  not  altered.' 
He  points  out  that  the  channels  lying  between  the  sandbanks 
which  exist  on  both  sides  of  the  German  Ocean  at  the  present  day, 
as  in  the  roadsteads  of  Calais,  Dunkerque,  and  Ostend  on  the  one 
hand,  and  those  of  the  East  Anglian  coast  on  the  other,  have 
remained  without  noteworthy  alteration  for  many  years.  Both  the 
banks  and  the  channels  are  due  to  the  action  of  currents,  and  when 
they  have  been  once  established,  and  an  equilibrium  of  forces  has 
been  set  up,  no  further  change  can  take  place  until  there  is  some 
variation  in  the  physiography  of  the  area,  such  as  an  elevation  or 
depression  of  neighbouring  land ;  then  a  new  state  of  things  will 
arise,  and  new  deposits  will  accumulate.  This,  no  doubt,  is  one 
reason  why  such  weU-marked  distinctions  oA-en  exist  between  suc- 
ceeding geological  zones.  The  formation  of  deltas  and  of  deep-sea 
deposits  goes  on  without  intermission,  but  the  sediment  of  shallow 
basins  affbcted  by  currents  (like  the  North  Sea  at  the  present  time, 
or,  as  I  believe,  its  western  portion  during  the  Coralline  Crag 
epoch)  represents  isolated  rather  than  continuous  stages  in  geological 
history.* 

The  form  and  alignment  of  the  area  now  covered  by  the  Coralline 
Crag  are,  I  think,. suggestive.  From  Tattingstone  in  the  south  to 
the  sunken  rocks  of  Sizewell  in  the  north  it  trends  constantly  from 
S.8.W.  to  N.N.E.,  with  an  uniform  and  slightly-curved  outline, 
parallel  to  the  line  forming  the  north-western  boundary  of  the  Red 
Crag  formation,  which  marks  possibly  the  ancient  shore-line  of  the 
Crag  basin. 

Thd  form  of  the  main  mass  of  the  Coralline  Crag  from  Gedgravc 
to  Aldeburgh  resembles  strikingly  that  of  some  of  the  existing 
sandbanks  of  the  East  Anglian  coast.  Although  there  has  doubtless 
been  much  denudation  of  the  Crag  between  Tattingstone  and  Sutton, 
that  of  the  Orford  district  may  still  retain  to  some  extent  its 
original  form,  and  may  indicate  the  trend  of  the  coast  during  the 
period  in  question. 

The  absence  of  any  deposits  in  East  Anglia  of  the  character  of 
the  Isocardia-hedB  of  Antwerp,  that  is,  of  an  undisturbed  sea-bottom, 

^  Similar  banks  of  dead  or  broken  shells  occur  in  the  vioinit^  of  Dungeness. 
These  also  are  due  to  current-action,  occurring  oonsequently  with  their  longer 
azM  parallel  to  the  coast-line.  Other  cases  of  tne  same  kind  might  be 
menttooed. 

^  '  Littoral  Drift  in  relation  to  Biver-outfalls  &  Harbour-entrances/  Proc. 
Inst  0.  E.  fol.  czxT,  pt  3. 

*  ihe  Pliocene  beds  of  Holland,  forming  part  of  the  old  delta  of  the  Bhine, 
represent  on  the  contrary,  I  consider,  a  continuous  sequence. 
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seems  also  to  indicafce  that  the  Coralline  Crag  is  not  so  much  a 
fragment  of  a  once  widely-spread  formation  as  has  heen  often 
supposed,  but  one  of  a  senes  of  banks,  which  existed  in  a  part  of 
the  sea  where,  owing  to  the  bottom  being  continuously  swept  by 
strong  currents,  no  general  deposition  of  sediment  was  taking 
place. 

The  presence  of  currents  causing  the  accumulation  of  banks  of 
shelly  sand  in  sheltered  spots  does  not  seem  so  favourable  to  the 
growth  of  moUusca,  which  flourish  most  in  less  exposed  situations. 
Along  the  convex  portion  of  the  Norfolk  coast  at  the  present  day 
between  Weyboume  and  Yarmouth,  molluscs  are  but  rarely  met 
with ;  but  on  the  more  sheltered  part,  from  Wells  to  Hunstanton, 
where  the  influence  of  the  tidal  currents  coming  from  the  Lincoln- 
shire coast  is  less  felt,  shells  lie  in  places  on  the  beach  as  thickly 
as  they  do  in  the  Crag-beds. 

Polyzoa,  on  the  contrary,  seem  to  flourish  best  in  dear  water 
agitated  by  currents,  and  tiieir  great  abundance  in  the  Coralline 
Crag,  not  only  in  the  form  of  comminuted  material,  but  in  places 
in  t^eir  original  position  of  growth,  is  especially  worthy  of  notice. 
D'Orbigny's  remarks  on  the  habits  of  polyzoa,  made  in  1850,  seem 
to  me  so  applicable  to  our  present  enquiry  that  I  venture  to  quote 
them  in  taH.  He  says,  *  Qu'ils  vivaient  dans  des  eaux  agitees,  ce 
qui  est  prouv^  par  le  manque  de  s^ments  vaseux  et  surtout 
par  les  lits  inclines  des  couches,  comme  on  le  reconnait  si  bien  sur 
tons  les  points,  lits  inclines  speciaux  aux  bancs  sous-marins  form^ 
par  Taction  des  courants  dans  les  mers  andennes  comme  dans  les 
mers  actuelles.' ' 

The  connexion  of  the  Coralline  Crag  sea  with  the  Atlantic  by 
means  of  a  channel  or  strait  over  some  part  of  the  South  of  England 
seems  to  be  indicated  not  only  by  the  close  correspondence  of  the 
mollusca  of  that  formation  with  those  of  the  Mediterranean,^  but 
also  because  in  a  closed  basin  no  such  currents  as  those  to  which 
I  think  the  depodtion  of  the  Coralline  Crag  was  due  could  have 
existed. 

As  we  have  seen,  the  currents  which  attend  the  flowing  tide  along 
the  English  shores  of  the  North  Sea  come  from  the  north,  and  not 
through  the  Straits  of  Dover.  The  fact  of  the  great  subsidence, 
regularly  increasing  in  a  northerly  direction,  which  has  affected 
Holland,  and  possibly  Scandinavia,'  since  the  Diestien  period  is  an 
additional  reason  for  thinking  that  the  Coralline  Crag  sea  may  have 
been  less  open  to  the  north  thao  it  is  at  present ;  and  if  this  was 
so,  the  vdocity  of  the  tidal  currents  flowing  through  the  southern 

*  'Fal^ont.  Fran9.— Terr.  Cr^tac.  (Bryozoairea) '  vol.  v,  p.  11;  see  aleo 
Preetwioh,  Quart.  Journ.  GeoL  Soc.  vol.  xx?ii.  (1671)  p.  129. 

^  The  correflpondence  between  the  existing  molluscan  fauna  of  the  Mediter- 
ranean and  that  of  the  Coralline  Crag  has  been  often  emphasized,  but  there  is 
also  much  resemblance  between  the  latter  and  that  of  the  older  Pliocene  beds 
of  Itdy  and  Sicily.  Many  species,  of  course,  occur  in  the  last-named  which 
did  not  live  at  that  period  in  our  northern  latitudes. 

*  There  seems  to  be  good  reason  for  supposing  that  Scandinaiia  formerly 
stood  considerably  higher  than  it  does  at  present. 
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channel  most  have  been  much  greater  than  it  is  at  present  through 
the  Straits  of  Dover. 

The  hypothesis  that  the  Coralline  Crag  represents,  not  the  bottom 
of  a  sea  in  which  the  moUusca  found  in  it  lived  (as  do  the  Isocardia- 
beds  of  Belgium),  still  less  that  it  originated  at  any  considerable 
depth,^  but  that  it  was  aocomolated  by  currents  coming  from  the 
south-west,  which  heaped  up,  in  comparatively  shallow  water,  the 
remains  of  marine  organisms,  in  banks  more  or  less  parallel  with 
the  then  existing  coast  of  the  German  Ocean,  and  at  some  distance 
from  the  mouth  of  any  river  discharging  into  it,'  seems  to  be  in 
accordance  with  all  the  facts  of  the  case.  It  explains  why  we  find, 
at  the  same  level,  seams,  in  one  place  of  large,  in  another  of  smaller 
shells,  and  in  a  third  of  fine  comminuted  material.  We  can 
understand  that  when,  by  the  temporary  and  local  diversion  of  the 
currents,  no  sediment  was  for  a  time  deposited  on  any  portion  of 
the  banks,  they  would  there  become  occupied  by  sheets  of  reef- 
building  polyzoa,  which  would  afterwards  be  smothered  and  unable 
to  exist,  when  another  alteration  brought  over  them  quantities  of 
the  fine  mud.'  Crustaceans  and  echinoderms  would  live  under  such 
conditions,  as  they  now  do  on  the  Turbot  Bank,  but  their  numbers 
would  be  few  in  proportion  to  the  drifted  shells  of  moUusca. 

For  the  reasons  given  above,  it  seems  probable  that  the  conditions 
under  which  the  Coralline  Crag  originated  were  similar  to  those 
now  obtaining  in  the  northern  part  of  the  Irish  Sea,  where  strong 
tidal  currents,  sweeping  through  the  narrow  channel  that  separates 
Ireland  from  Scotland,  are  causing  the  accumulation  of  banks 
containing  dead  shells,  at  no  great  distance  from  the  shore  and 
parallel  to  it. 

In  a  future  paper  I  hope  to  deal  with  the  questions  of  the 
classification  and  mode  of  origin  of  the  various  deposits  of  the  Upper 
Crag  formation  of  Suffolk  and  Norfolk. 


rV.  Rbcapitul^tiok. 

In  the  foregoing  pages  I  have  set  forth  the  reasons  which  lead 
me  to  think : — 

1.  That  the  Lenham  Beds,  containing  a  considerable  proportion 
of  characteristic  Miocene  or  Italian  Lower  Pliocene  mollusca 
(13  out  of  67)  unknown  or  very  rare  in  the  Coralline  Crag, 
are  older  than  that  formation. 

^  Our  estimate  of  the  deptha  of  the  western  (and  Ittoral)  portion  of  the  Crag 
basin  dorinf  the  deposition  of  the  CoraUioe  Crag  should  depend,  not  on  the 
character  of  its  mollusca,  which  are  not,  as  a  rule,  mi  aitu,  but  on  the  Tiew  that 
we  may  take  as  to  the  strength  and  volume  of  the  currents  then  preyaib'ng. 

'  The  Thames,  in  its  present  form,  had  not  at  that  time,  I  consider,  come 
into  existence. 

'  3ir.  Kendall  reminds  me  that  valres  of  Peeten^  etc,  encrusted  with  adnata 
polyioa,  occur  chiefly  in  those  parts  of  the  Crag  where  the  reef-building  fornu 
are  found.  These  also  could  exist  only  when  the  currents  passing  oyer  that 
portion  of  the  area  were  free  from  sediment. 

aJ.G.S.  No.  215.  2o 
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2.  That  the  Lenham  Beds  had  probably  been  npheaved,  consoli- 
dated, and  exposed  to  denudation  before  the  deposition  of  the 
Coralline  Crag,  and  may  have  been,  as  formerly  suggested 
by  Prof.  Kay  Lankester,  the  source  from  which  the  box- 
stones  found  at  the  base  of  the  Suffolk  Crag  have  been 
derived.  These  boxstones  contain  a  fauna,  not  identical 
with,  but  possessing  the  same  general  character  as  that  of 
Lenham,  that  is,  an  admixture  of  distinctive  Miocene  and 
Coralline  Crag  species. 

8.  That  in  the  interval  between  the  deposition  of  the  Lenham 
Beds  and  tho  Coralline  Crag  the  Crag  sea  retired,  in  conse- 
quence of  the  upheaval  of  the  southern  part  of  the  area,  to 
^e  north,  as  it  did  also  in  Belgium  towards  the  dose  of  the 
Diestien  period. 

4.  That  the  Lenham  Beds  are  most  nearly,  though  not  exactly, 

represented  by  the  zone  ^  Terebratula  grandis  of  Belgium, 
and  possibly  by  some  fossiliferous  deposits  recently  discovered 
at  Waenrode,  near  Diest,  while  the  Coralline  Crag  corresponds 
very  closely  with  the  Belgian  zone  ^  Isocardia  cor, 

5.  That  the  Coralline  Crag  between  Sutton  and  Aldeburgh  does 

not  rest  upon  the  horizontal  surface  of  the  London  Qay,  as 
supposed  by  Prestwich,  it  being  shown  by  borings  that  the 
jiinction  between  the  two  formations  dips  regularly  towards 
the  north-north-east. 
6.That  no  satisfactory  evidence,  whether  stratigraphical  or 
palffiontological,  is  forthcoming  to  show  that  any  divisions 
to  be  observed  in  the  Coralline  Crag  at  Sutton  are  persistent 
at  other  localities  in  the  formation. 

7.  That  none  of  the  supposed  zones  in  the  Coralline  Crag  at 

Sutton  have  been  shown  to  be  characterized  by  the  first 
appearance  in  the  Crag  basin,  or  by  the  disappearance  from 
it,  of  any  species  of  moUusca  or  foraminifera.  On  the 
contrary,  that  the  forms  which  have  been  enumerated  as 
specially  distinctive  of  certain  horizons  are  found  also  in 
other  parts  of  the  Coralline,  and  often  in  the  Red  Crag  too. 

8.  That  no  great  subsidence  of  the  Crag  area  during  the  older 

Pliocene  period,  as  believed  by  Prestwich,  took  place. 
Such  a  subsidence  must  have  caused  the  submergence  of 
districts  adjoining  it  either  in  this  country  or  on  theContinenty 
and  for  this  no  evidence  exists. 

9.  That  neither  the  fauna  of  the  Coralline  Crag  nor  the  character 

of  the  sediment  composing  it  supplies  any  indication  of  deep- 
sea  conditions,  the  sediment  consisting  almost  entirely  of  the 
drifted  remains  of  dead  mollusca  and  polyzoa,  or  of  calcareous 
matter  derived  from  their  decomposition,  with  reefs  of  living 
polyzoa  in  places,  and  differing  frx>m  the  contemporaneoua 
Iweardia  (x>r-beds  of  Belgium,  which  represent  an  undisturbed 
sea-bottom,  with  the  shells  in  situ  as  they  lived. 

10.  That  there  is  no  evidence  of  any  great  changes  of  climate 

during  the  Coralline  Crag  period :  the  waterwom  block  of 
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porphyry  found  at  the  base  of  the  Coralline  Crag  at  Sutton, 
which  was  held  by  Prestwioh  to  indicate  the  presence  of 
floating  ice  in  the  Crag  basin,  occurring  in  a  bed  full  of 
derivatives,  and  being  possibly  itself  derived  from  some  older 
formation. 

11.  That  Prestwich's  theory  of  a  temperature  sulficiently  cold  to 
produce  floating  ice  during  the  Coralline  Crag  period  is  in 
entire  opposition  to  the  palaeontological  evidence,  which 
indicates  that  the  climate  was  at  that  time  not  colder  but 
warmer  than  the  climate  of  Great  Britain  at  the  present  day, 
more  nearly  approaching  that  of  the  Mediterranean  or  the 
Azores. 

12.  That,  so  far  from  it  being  possible  to  separate  the  Coralline 

Crag  into  eight  constant  zones,  the  division  of  this  formation 
hitherto  adopted  into  shelly  incoherent  sands  and  indurated 
ferruginous  rock  can  no  longer  be  maintained,  the  latter  being 
merely  an  altered  condition  of  the  former,  as  proved  not  only 
by  general  considerations,  but  by  the  discovery  of  a  section 
at  Iken,  showing  the  two  varieties  of  Crag  side  by  side,  and 
passing  into  each  other. 

13.  That  with  the  exception  of  the  basement-bed,  1  foot  only  in 
thickness,  the  material  of  the  Coralline  Crag  is  of  similar 
character  throughout,  being  almost  entirely  organic,  with  only 
a  small  admixture  of  inorganic  matter ;  nor  is  any  essential 
difference  between  the  different  parts  of  it  distinguishable, 
either  by  microscopical  examination  or  chemical  analysis. 

14.  That,  excluding  the  basement-bed  before  mentioned,  the  Coral- 

line Crag  was  throughout  accumulated  under  similar  condi- 
tions :  namely,  in  the  form  of  submarine  banks,  caused  by 
currents,  which  prevented  deposition  when  they  ran  strongly, 
but  swept  up  from  the  sea-bottom  the  remains  of  mollusoa, 
etc.,  redepositing  them  in  more  sheltered  situations. 

15.  That  such  conditions  occur  at  the  present  day  in  the  Irish 

Sea,  as  for  example  off  the  Antrim  coast,  where  an  accumu- 
lation of  dead  shells,  known  as  the  Turbot  Bank,  has  been 
caused  by  the  tidal  currents  which  sweep  with  much  velocity 
through  the  narrow  channel  separating  Ireland  from  Scotland; 
and  also  at  the  southern  end  of  the  Isle  of  Man,  where  deposits 
mainly  composed  of  organic  material,  called  by  Prof.  Herd- 
man  *neritic,'  exist,  being  similarly  caused  by  a  strong 
current  ninniog  through  the  Calf  Sound.  Sandbanks 
caused  by  tidal  currents  occur  along  the  coast  of  East  Anglia 
at  no  great  distance  from  the  shore,  and  more  or  less  parallel 
to  it. 

16.  That  during  the  deposition  of  the  Coralline  Crag,  the  German 

Ocean  was  less  open  to  the  north  than  it  is  at  present,  if, 
indeed,  it  was  not  entirely  closed,  but  that  it  was  connected 
with  the  Atlantic  by  a  strait  or  channel  over  some  part  of 
the  southern  counties  of  England,  through  which  currents  ran 
strongly,  and  that  the  influence  of  these  currents  extended 
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farUier  into  the  North  Sea  than  does  that  of  similar  English 
Channel  cnrrents  from  the  westward  at  the  present  day. 

17.  That  the  Red  Crag,  with  which  I  hope  to  deal  more  folly 
in  another  paper,  was  the  marginal  accumulation  of  a  sea 
gradually  retreating  northward  and  eastward. 

18.  That,  in  opposition  to  the  views  of  Prestwich,  who  regarded 

it,  with  the  exception  of  the  Chillesford  Beds  and  *the 
unfossiliferous  sands  of  the  Crags,'  as  throughout  of  the 
same  age,  the  Bed  Crag  formation  includes  a  continuous 
sequence  of  deposits,  arranged,  however,  horizontally,  and  not 
vertically,  the  different  heds  heiug  found  to  contain  a 
gradually  diminishing  proportion  of  southern,  and  a  gradually 
increasing  number  of  northern  species  of  mollusca,  as  we 
trace  them  in  a  northerly  and  easterly  direction. 


DiSCXTSSIOK. 

Mr.  Clement  Bexd  congratulated  the  Fellows  on  having  before 
them  the  valuable  series  of  borings  made,  purely  for  scientific 
purposes,  by  Mr.  Harmer.  He  was  unable  to  agree  with  the 
Au^or  that  there  was  at  present  any  sufficient  evidence  for 
separating  the  Lenham  Beds  from  the  Coralline  Crag,  as  forming  an 
older  zone.  The  slight  differences  in  percentage  of  the  recent  and 
southern  mollusca  were  due  in  the  first  place,  he  thought,  to  the 
unavoidable  study  of  the  larger  species  alone.in  the  ironstone-moulds 
of  Lenham ;  the  smaller  mollusca  generally  give  a  higher  percentage 
of  persistent  forms.  In  the  second  place,  at  Lenham,  owing  to  the 
geographical  position,  the  sea  was  warmer ;  and  the  deposits  also 
resembling  those  of  Italy  rather  than  those  of  East  Anglia,  there 
was  necessarily  a  greater  resemblance  to  the  Mediterranean  Pliocene 
fauna.  If  such  very  slight  differences  were  sufficient  to  mark  a 
time-interval  between  the  Lenham  Beds  and  the  Coralline  Crag,  he 
could  not  understand  why  the  Author  should  correlate  the  Lenham 
Beds  with  the  '  bozstones,'  the  small  fauna  of  these  containing  a 
far  stronger  southern  and  extinct  element  than  was  found  at 
Lenham. 

Mr.  H.  TV.  BuESOWs  considered  that,  until  a  critical  examination 
had  been  made  of  the  somewhat  scanty  and  unsatisfactory  moUuscan 
fauna  of  the  Lenham  Beds,  no  satisfactory  results  could  be  obtained 
by  comparing  slight  percentage-differences  of  the  species  with  those 
of  other  deposits  for  purposes  of  correlation.  The  speaker  was  not 
convinced  by  the  arguments  of  the  Author  in  regard  to  the  oneness 
of  the  Coralline  Crag.  Admitting  that  the  evidence  for  a  zonal 
distribution  is  not  yet  complete — neither  mollusca  nor  poly  zoa  having 
been  studied  from  that  aspect — yet  the  foraminifera  in  some  im- 
portant respects  confirm  the  zonal  arrangement.  This  subject  had 
already  been  dealt  with  by  Mr.  Holland  and  the  speaker  in  the 
Monograph  of  the  Crag  Foraminifera,  and,  when  the  general  facies 
of  each  zone  is  considered,  a  marked  resemblance  is  found  to  exist 
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in  beds  referred  by  Prestwich  to  the  same  zone  in  widely  separated 
areas  of  the  Crag  district.  On  broader  lines  it  was  noted  that  the 
foraminifera  bring  into  prominence  the  Italian  Pliocene  character  of 
the  St.  Erth  Beds,  as  emphasized  in  the  ^occurrences'  appended  to 
the  descriptions  of  the  Crag  foraminifera. 

Mr.  P.  E.  Kendall  observed  that  there  were  three  classes  of 
eyidence  which  had  been  adduced  in  support  of  the  zonal  division  of 
the  Coralline  Crag, — stratigraphical,  lithological,  and  palseontological. 
Mr.  Harmer  had  shown  by  his  borings  that  the  first  of  these  gave 
results  contradictory  of  Prestwich's  views,  for  beds  which  had  been 
included  in  the  same  zone  were  found  to  lie  on  different  horizons. 
The  lithological  test  seemed  equally  to  Ml ;  the  Gomer  beds  agreed 
lithologically  with  a  different  zone  from  that  to  which  they  had 
been  referred.  The  speaker  had  been  unable  to  recognize  any 
clear  palaoontological  distinctions  between  the  several  zones.  The 
bands  of  large  shells  at  Aldeburgh,  GK>mer,  and  Ramsholt  yielded  a 
fauna  having  the  same  general  characteristics,  though  one  was 
nearly  at  the  top  of  the  Coralline  Crag,  another  near  the  middle,  and 
the  third  at  the  base. 

Prof.SBBLBT  stated  that  when,  in  earlier  times,  the  Crag  phosphate- 
pits  were  opened  over  a  wide  area,  he  had  no  difficulty  in  recog- 
nizing two  divisions  of  the  Coralline  Crag  at  Bamsholt  and  Sutton 
as  well  defined  by  mineral  character;  but  there  was  certainly 
change,  both  in  stratigraphy  and  in  fossils,  as  the  beds  were  followed 
to  the  north.  It  might  be  that  the  multitude  of  pits  around  Bams- 
holt had  made  that  part  of  the  Coralline  Crag  best  known,  and  led 
to  the  inference  that  that  Crag  was  older,  from  its  larger  fauna. 
He  had  seen  no  facts  of  superposition  to  support  that  view.  The 
fossils  varied  from  place  to  place,  much  as  the  existing  life  varied 
when  followed  along  the  same  coast.  He  was  inclined,  when  new 
sources  were  suggested  for  the  *  bozstones,'  to  ask  whether  it  was 
certain  that  they  were  in  all  cases  derivative.  The  rolled  condition 
might  be  consistent  with  hardening  of  the  sand  around  fossils  by 
infiltration  of  mineral  matter.  A  large  percentage  of  the  stones 
contained  fossils  which  might  add  a  few  species  to  the  true  fauna 
of  the  Crag. 

Mr.  A.  E.  Salter,  the  Kev.  J.  F.  Blake,  and  Prof.  W.  W.  Watts 
also  spoke. 

The  AuTHOB  thanked  the  Fellows  for  their  patient  attention,  and 
in  reply  to  Mr.  Reid  he  pointed  out  that,  although  the  evidence  was 
incomplete,  so  far  as  it  went  it  was  decidedly  in  favour  of  his  con- 
tention that  the  Lenham  Beds  were  older,  perhaps  considerably  so, 
than  the  Coralline  Crag.  The  species  occurring  at  Lenham,  but 
not  in  the  Coralline  Crag,  were  generally  of  an  older,  and  none  of 
them  of  a  newer  type.  The  theory  that  the  Lenham  Beds  were 
older  was  stratigraphically  in  accordance  with  the  facts  to  be 
observed  both  in  England  and  Belgium,  as  more  fully  set  forth  in 
his  paper.     [See  abo  the  footnote  in  brackets,  p.  310.] 

To  Mr.  Burrows  he  replied  that  he  had  been  trying  for  many 
years  to  find  some  proof  from  the  moUusca  of  the  existence  of  the 
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zoDes  in  the  Coralline  Crag  proposed  by  the  late  Sir  J.  Prestwich, 
but  without  success.  No  evidence  was  offered  by  Prestwich,  except 
of  the  most  general  character,  and  the  features  i;?hich  he  regarded 
as  characteristic  of  certain  zones  were  equally  applicable  to  others. 
The  evidence  of  the  foraminifera  did  not  seem  to  the  Author  of 
much  weight.  With  few  exceptions  the  Crag  forms  were  world- 
wide in  their  present  distribution,  and  went  back  to  older  Tertiary, 
Mesozoic,  or  even  Palaeozoic  times.  Quoting  from  the  list  published 
by  Mr.  Burrows  and  his  colleagues,  he  showed  that  the  forms 
regarded  by  that  writer  as  chai^teristic  of  certain  zones  were 
equally  common  in  Zone  1)  at  otie  place,  in  E  at  another,  and  in 
F  or  G  at  a  third.  No  attempt  had  been  made  to  work  out  the 
supposed  zones  stratigraphically,  nor  was  it  possible  to  do  so. 
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27.  The  Gabnet-Aotiholite  Schists  on  the  Soxjthebn  Side  of  the 
St.  Gothakd  Pass.  By  T.  G.  Bonnet,  D.Sc,  LL.D.,  F.R.S., 
V.P.G.S.,  Professor  of  Geology  in  University  College,  London, 
and  Fellow  of  St.  John's  College,  Cambridge.  (Bead  May  18th, 
1898.) 
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I.  Introduction. 

At  intervals  during  the  last  20  years  I  have  studied  the  well- 
known  gamet-actinolite  schists  which  are  exposed  on  the  southern 
slope  of  the  St.  Gothard  Pass  from  perhaps  500  to  about  1600  feet 
above  the  mouth  of  the  tunnel.'  They  extend  westward  along  the 
flank  of  the  Val  Bedretto  to  beyond  AU'acqua,  with  one  slight 
interruption  near  this  spot,  and  can  be  followed  eastward  to  the 
vicinity  of  the  Pizzo  Columbe,  that  is,  for  a  total  distance  of  from 
16  to  17  miles,  the  breadth  of  the  outcrop,  which  is  locally  inter- 
rupted by  elongated  masses  of  more  normal  homblendic  schist, 
being  at  its  maximum  about  1|  mile.  They  are  intersected  by 
the  Val  Tremola '  and  the  Val  Canaria  with  its  tributary  glens,  and 
are  exposed  on  the  right  bank  of  the  ^al  Piora.  Here  the  lower 
part  of  the  mass  must  be  about  6700  feet  above  sea-level,  that  is  to 
say,  the  outcrop  rises  at  least  2500  feet  in  about  5  miles. 

My  later  visits  threw  some  light  on  the  origin  of  these  rocks ; 
but  I  felt  that  more  work  in  the  field  was  necessary  before  I  could 
come  to  any  conclusion.  Therefore  I  determined  to  return  to  the 
district  and  examine  more  particularly  the  outcrops  near  the  Val 
Piora,  of  which  hitherto  I  had  seen  little,  having  spent  my  time  on 
another  group  of  schists,  which  apparently  overlie  them.  This 
intention  was  carried  out  in  July  1897,  and  I  had  the  good  fortune 
to  be  accompanied  by  my  friend  and  former  pupil  Mr.  John 
Parkinson,  E.G.S.,  to  whom  I  am  indebted  for  much  assistance  both 
then  and  afterwards. 

So  far  as  I  have  discovered,  with  the  kind  help  of  Dr.  J.  W. 
Gregory,  no  one  has  paid  much  attention  to  this  group  of  rooka. 
They  are  described  bri^y  and  clearly  by  K.  von  Fritech  (*  Beitragezur 

^  These  figures  are  only  approximate.  I  have  measured  (by  aneroid")  the 
lowest  outcrop  by  the  higb  road,  but  there  are  others  yet  lower  in  the  slopes 
some  distance  to  the  east.  Moreover,  it  is  not  easy  to  fix  precisely  the  exact 
position  of  the  upper  limit — nor  does  it  seem  to  me  verr  important  . 

*  For  which  reason  I  ha?e  referred  to  them  since  1886  (Pres.  Addr.  Quar 
Joum.  GeoL  Soc  vol.  xlii,  Proc,  p.  72)  as  the  Tremola  Schists. 
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geol.  Karte  der  Schweiz,'  1873,  lief,  xv,  pp.  66, 66).  In  the  •  Livrefc- 
Ghiide  G^logiqae/  VI*»«  Congr.  G^l.  Int.  1894,  they  are  mentioned 
at  p.  166,  and  in  the  section  are  coloured  as  fiiindner  Schiefer  (Ob. 
Trias  bis  Dogger),  an  identification  which,  it  is  needless  to  say,  is 
more  easily  assumed  than  proved.  Prof.  C.  Schmidt  refers  to  Uiem 
in  a  discussion  of  the  geology  of  the  Simplon  region  (Arch,  dee  Soi. 
Phys.  et  Nat.  1896,  p.  84),  and  regards  them  with  the  adjacent 
crystalline  rocks  as  '  schistes  cristallins  anciens '  and  '  roches  arch^ 
ennes'(p.  86).  See  also  Edog. Geol.  Helvet.voLiv(  1896)  p.  367,  etc- 
In  Mitth.  der  naturforsch.  Gesellsch.  in  Bern  (1896,  Nos.  1373-1398, 
p.  73)  they  are  also  briefly  noticed,  and  in  a  section  drawn  across  the 
Ofenhom  schists  corresponding  with  the  'Upper  Schists'  of  the 
Yal  Piora  district,  are  coloured  as  '  Jiingere  metamorphe  krystalL 
Schiefer,  Mesozoisch  bi^Cambrisch.'    A  wide  limit  of  choice ! 

II.  Bbscbiptiok  of  SscnoKS. 

Time  will  be  saved  by  describing  as  concisely  as  possible  the 
more  important  facts  noted  in  the  field,  indicating  the  conclusions 
to  which  they  point,  and  by  discussing  afterwards  the  evidence 
obtained  from  microscopic  examination.  I  will  take  the  localities 
studied  from  west  to  east,  commencing  with  the  St  Gothard ;  for 
in  walking  beyond  it  up  the  Val  Bedretto  I  did  not  diverge  from 
the  lower  part  to  investigate  these  schists,  though  from  what  I  saw 
I  infer  that  they  soon  become  much  less  conspicuous  than  on  the 
St  Gothard  Pass. 

{a)  The  St.  Gothard.' 

By  following  the  general  line  of  the  high  road  we  reach,  perhaps 
about  660  feet  above  Airolo,  a  well-foliated  greyish  biotite-gneiss 
in  which  red  garnets  are  scattered  sporadically,  at  first  small, 
then  of  larger  size,  often  with  a  slight  streak-Hke  association. 
A  little  higher  up  these  occasionally  range  from  ^  to  |  inch 
in  diameter.  Here  the  rock  shows  a  banded  structure:  zones, 
perhaps  8  or  9  inches  thick,  alternating  with  others  from  10  to 
12  inches,  in  which  garnets  are  less  abundant.  Then  hornblende 
(generally  actinolitic)  becomes  more  abundant.  For  instance,  at 
about  660  feet  up,  a  small  quarry  exhibits  a  grey  gametiferous 
schist,  poor  in  hornblende,  passing  down  into  a  darker  variety, 
with  fewer  garnets,  but  with  the  usual  large  and  rather  blade-shaped 
aotinolites.  This  mineral  now  becomes  more  frequent,  and  the 
gamet-actinolite  schists^  continue  till  the  road  passes  from  the 
left  to  the  right  bank  of  the  torrent  descending  the  Val  Tremola. 
In  fact  the  whole  ascent  seems  to  be  over  one  or  other  of  these 
rocks,  with  an  occasional  *  relapse '  into  biotite-gneiss '  and  one  or 
two  greener  bands. 

^  I  had  been  already  four  or  Are  times  over  this  seotion,  and  we  vinted  it  in 
1897.  both  going  to  and  ooming  from  Val  Piora. 

'  I  use  the  term  in  a  general  sense,  for  Tariatioos  are  not  unfrequent,  <uid 
tlie  two  minerals  seem  to  occur  often  in  inverse  proportion. 

'  As  at  about  1400  feet  above  Airolo. 
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Many  of  the  actinolites  seen  in  these  schists  exhibit  a  tendency 
to  ^  fray  out '  at  the  ends ;  often  they  have  a  tufted  arrangement 
(see  figs.  2  &  3,  p.  362).  While  many  of  them  lie  in  the  planes  of 
cleavage- foliation '  (which  is  sometimes  conspicuous),  others  make 
all  angles  with  it.  Bands  in  which  actinolite  is  more  than  usually 
abundant  sometimes  seem  to  show  traces  of  a  granular  or  even  of 
an  ophitic  structure,  the  whole  suggesting  that  the  mass  originally 
may  have  alternated  from  a  homblendic  biotite-granite,  more  or  less 
gametiferous,  to  a  coarse  diorite  (also  containing  the  last-named 
mineral),  the  two  not  having  been  at  the  outset  very  sharply  dis- 
tinguished, and  being  now,  owing  to  the  effects  of  pressure,  still  more 
difficult  to  separate.  In  the  upper  part,  though  actinolite  may  still  be 
observed,  the  rock  comes  nearer  to  an  ordinary  hornblende-schist. 

After  a  time,  when  the  zigzags  are  ended,  and  the  road  runs  at  the 
base  of  the  crags  bounding  the  right  side  of  the  more  level  part  of  the 
Val  Tremola,  biotite- gneiss  sets  in,  and  here  and  there  are  stratiform 
masses  of  a  rather  dark  variety  of  hornblende-schist. 

In  the  above-mentioned  series  the  actinolites,  judging  from  their 
appearance,  are  later  in  date  than  the  cleavage-foliation.  The 
garnets,  however,  though  often  well  preserved,  are  perhaps  more 
generally  either  a  little  distorted  or  crushed,  so  that  they  probably 
are  anterior  to  the  main  disturbance.  It  is  difficult  to  form  an 
opinion  of  the  age  of  the  biotite,  but  the  abundant  small  flakes  of 
s&very  mica  (paragonite  ?)  are  most  likely  posterior  to  that  dis- 
turbance. 

(b)  Val  Canaria. 

This  valley  descends  from  the  watershed  of  the  Lepontine  ^Ups, 
and  joins  the  Val  Bedretto  about  |  mile  below  Airolo.  The  floor 
is  strewn  hereabouts  with  large  boulders  of  garnet'-actinolite  schist, 
together  with  the  ordinary  biotite-gneisses  of  the  district  and 
some  other  schists.  The  first  afford  instructive  subjects  for  study, 
and  correspond  with  the  rocks  exposed  on  the  St.  Gothard  road. 
Though  I  have  often  spent  a  spare  hour  or  two  among  them, 
I  have  not  ascended  the  Val  Canaria  to  the  outcrops  from  which 
they  have  come.  Still,  when  I  was  examining  the  noted  section 
(once  supposed  to  prove  that  the  *  Upper  Schists '  were  more  recent 
than  the  rauchwacke)  in  the  latereJ  glen  on  the  western  side 
of  the  Val  Canaria,'  I  climbed  up  till  I  reached  the  garnet-actinolite 
locks  in  titM  at  a  height  of  about  1200  feet  above  Airolo.  I  see  no 
reason  to  doubt  that  the  rocks  exposed  in  the  Val  Canaria  are 
practically  identical  with  those  studied  on  the  St.  Gothard. 

^  The  strike,  where  I  hare  measured  it,  of  this  struotore  (which  ohen  oorre- 
■ponds  with  the  mineral  banding)  varies  from  N.N.B.  to  N.E.,  on  the  whole 


the  former,  and  it  dips  at  a  high  angle  ^60^-70^)  to  the  western  side. 
The  significance  of  this  fact  is  noticed  below.    Orushed-out  quarts-Teins  may 
be  seen. 
»  Quart.  Joum.  Geol.  Soc,  toL  xlvi  (1890)  p.  187,  &  toL  1  (1894)  p.  286. 
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(e)  Val  Piora. 

The  lower  slopes  on  the  right  baok  of  this  valley  are  excavated 
in  the  group  described  in  my  papers  on  '  Mesozoic  Hocks  &  Crystal- 
line Schists  in  the  Lepontdoe  Alps/  '  namely,  io  micaceous  schists, 
often  dark,  sometimes  containing  blackish  garnets  abundantly,  and 
occasionally  staurolite,  which  pass  on  the  one  hand  into  marbles,  on 
the  other  into  rather  impure  quartz-schists.  Eauchwacke,  some- 
times with  gypsum,  occurs  locally,  and  is  more  abundant  in  the 
upper  part  of  the  valley.  The  actinolitio  and  gametiferous  rocks 
apparently  overlie  these,  and  are  followed  by  gneisses  of  the  type 
usual  in  this  district.'  The  former  appear  to  be  thinner  than  at  the 
St.  Gothard,  but  constitute  a  line  of  craggy  slopes  and  oli£B3  some- 
times inaccessible.  We  examined  numerous  fallen  blocks,  and 
worked  along  the  crags  as  best  we  could,  from  the  Lago  Cadagno  to 
the  Lago  Tom. 

It  may  suffice  to  give  a  description  of  two  sections,  and  then  a 
general  summary  of  the  remainder  of  our  work.  Of  these  two 
sections,  one  is  above  the  north-eastern,  the  other  above  the  north- 
western end  of  the  Lago  Tom. 

The  former  (one  of  the  lowest  set  of  outcrops  visible)  showed, 
in  descending  order:  (1)  A  considerable  mass  of  homblendic 
or  actinolitic  rock,  the  crystals  of  the  latter  varying  in  length, 
but  usually  not  exceeding  ^  inch.  This  seems  to  pass  (in  the  lower 
part)  into  a  darker  variety  of  homblendic  rook.  Occasionally 
it  is  distinctly  fissile  £rom  the  effects  of  pressure,^  but  in  places 
it  exhibits  a  streaky  structure,  which  this  agency  alone  seems 
inadequate  to  explain.  The  rock  sometimes  resembles  the  horn- 
blende-schist of  the  Lizard  district,  but  it  becomes,  in  its  lowest 
part,   markedly   actinolitic,    the    crystals   ranging  up    to   nearly 

I  inch  in  length,  and  being  confusedly  scattered.  In  this  rod: 
we  find  lenticles  of  a  variety  described  in  the  next  section  ;  these 
sometimes  are  about  ^  yard  long  and  2  or  3  inches  thick.  (2)  A 
more  felspathio  variety  of  the  actinolite-rock,^  the  'blades'  fh>m 

II  to  I  inch  in  length  lying  in  all  directions,  though  in  places  the 
mineral  is,  so  to  say,  condensed  in  streaks  {^.  1,  p.  361).  (3)  After 
an  interval  of  about  8  feet  vertical  (hidden  by  turf)  and  a  little 
to  the  west  comes  an  outcrop  of  the  typical  garnet-actinolite 
gneiss,  in  which  are  two  or  three  bands  of  rather  coarse  hom- 
blendic rock  suggesting  an  intrusion.'  (4)  An  outcrop,  some 
distance  lower  down,  of  gametiferous  gneiss  or  micaceous  schist, 
apparently  passing,  as  on  the  St.  Gothard,  into  very  typical 
gamet-actinolite  schist.     Similar  varieties  were  seen  in  the  fallen 

'  Quart.  Joum.  Qeol.  Soa  vol.  xlvi  (1890)  p.  187,  and  vol.  1  (1894)  p.  286. 

^  In  reality  this  is  an  inversion,  the  true  order  (descending)  being 
(a)  rauchwacke,  (6)  upper  schists,  (c)  gamet-actinolite  schists,  and  (d)  biotite- 
gneisses. 

*  The  force  appears  to  have  acted  roughly  perpendicular  to  the  mineral 
banding. 

*  The  more  fine-grained  varieties  beinz  seemingly  the  more  fissile. 

*  The  total  vertical  distance  in  which  (1),  (2),  and  (3)  cropped  out  was  some 
8  or  9  yards. 
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blocks.  Some  of  these  exhibited  distinct  altematioDS  of  felspathic 
and  homblendic  rock.  In  one  case  a  sort  of  tongue  of  actinolitic 
diorito,  without  definite  ordering,  passed  rapidly  into  a  very  close- 
banded  or  foliated  rock  more  of  the  Lizard  type,  but  with  signs  of 
crushing  and  a  rather  actinolitic  habit.  The  evidence,  however, 
as  we  interpreted  it,  was  favourable  to  the  idea  that,  while  pressure 
had  produced  its  usual  effects,  some  structures  indicated  fluzional 
movementa  in  an  ill-mixed  or  differentiated  rock. 

The  second  section  (described  in  the  same  order)  afforded  (1)  loose 
blocks,  fallen  from  the  cliffs  above.  These  consisted  of  (a)  gneiss, 
moderately  coarse,  rather  felspathic,  and  fairly  micaceous,  repre- 
senting a  type  common  in  the  mountains  on  this  side  of  the  Val 
Bedretto ;  (6)  dioritic  rock ;  and  (c)  the  gamet-actinolite  schist,  the 

Fig.  1. — Hornhlendic  streaks  in  a  rather  felspathic  diorite,  fringed 
with  hrisding  actinolitt-erystals,  or  passing  into  a  tangle  of  the 
latter,     (Above  Logo  Tom,) 


latter  mineral  often  occurring  in  bunches,  its  cr}*8tals  being  frequently 
some  3  inches  long  and  about  as  thick  as  a  small  bodkin.  These 
were  best  developed  along  the  planes  of  cleavage-foliation,  and 
exactly  resembled  some  of  the  specimens  from  the  southern  side  of 
the  St  Gothard  and  the  entrance  of  the  Yal  Canaria.  (2)  A  dioritic 
rock  of  the  ordinar}*  character,  with  darker  more  homblendic  bands. 
(3)  The  same,  but  with  the  hornblende  more  distinctly  actinolitic. 
This  rock,  which  exhibits  minor  variations,  extends  for  a  considerable 
distance.  (4)  Rather  felspathic  hornblende-schist,  often  distinctly 
banded.  In  one  case  the  more  felspathic  and  more  homblendic 
bands  (each  of  which  exhibits  a  faint  streaking  or  foliation  in 
itself)  run  about  3  inches  thick.  This  rock  passed  in  one  place 
into  a  biotite-gneiss,  with  but  little  quartz  ;  in  another  a  dark  hom- 
blendic rock  ap])ears  in  a  way  suggestiye  of  an  intrusion. 

What  we  saw  in  other  places  was  in  general  accord  with  these 
two  sections,  and  with  those  on  the  southern  side  of  the  St.  Gothard, 
60  that  the  field-evidence  seemed  to  point  to  the  following  con- 
clusions : — 

(1)  More  or  less  gneissoid  schists,  varying  from  micaceous  to 
homblendic,  often  actinolitic,  and  sometimes  rather  rich  in 
garnets,  are  interbanded :  the  passage  from  the  one  to  the 
other  being  occasionally  rather  rapid  (in  a  few  instances  even 
suggestive  of  intrusion),  but  generally  a  more  or  less  gradual 
one. 
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(2)  Garnets  are  frequently  present,  but  are  usually  less  abundant 
in  the  more  homblendic  varieties.  The  larger  specimens 
generaUy  occur  where  biotite  is  the  more  abundant  ferro- 
magnesian  mineral,  though  occasionally  fine  crystals  may  be 
found  associated  with  bunches  of  long  slender  actinolites. 

Fig.  2. — Bunches  of  actinolite  on  a  block,  the  prineipal  group  gJcetched 
being  about  b\  incheH  from  end  to  end^  and  about  as  thick  tu  a 
stout  pin  or  slender  bodkin.  (Loose  block,  from  cliffs  north  of 
Lago  Tom,) 


Fig.  S.— Rough  sketch  of  tuft 
of  homhletide-crgstals :  about 
2  inches  long^  top  hid  by 
dibris.  (Loose  bhdc^  at  open- 
ing  of  Vol  Canaria,) 


(3)  The  actinolite  ^  appears  to  be  longest  and  best  deyeloped  on  the 
planes  of  cleavage-foliation, 
but  it  can  be  also  found 
piercing  the  rock  at  all 
angles.  Sometimes  it  assumes, 
instead  of  the  *  bodkin '  shape, 
a  rather  broad-bladed  form, 
nearly  ^  inch  in  diameter, 
with  *  frayed'  ends.  The 
actinolite  is  not  restricted  to 
one  variety  of  rock  or  asso- 
ciated always  with  garnet. 
For  instance,  I  have  found  it 
in  the  usual  silverj'  schist 
(with  abundant  paragonite  and 
some  biotite),  in  a  pale  greenish 
schist  (coloured  probably  by 
chlorite  or  by  minute  horn- 
blende), in  a  gneissose  rock, 
somewhat  resembling  a  fine- 
grained granite,  and  in  a 
darkish  massive  rock  ob- 
viously rich  in  hornblende. 

Garnets  also  may  occur  in 
any  of  these.     They  range  commonly  from  the  size  of  a  lai^ 
pea  downwards,  but  occasionally  run  up  to  nearly  an  inch  in 

^  See  figs.  2,  3,  &  4  in  illuBtration  of  these  remarks. 
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diameter.  The  largest  are  sometimes  associated  with  veins; 
the  smaller  are  generally  scattered  throughout  the  rock. 
(4)  Pressure  evidently  has  acted  on  the  rocks,  bnt  to  a  variable  extent. 
Sometimes  its  effects  are  inconspicuous  (unless  we  regard  the 
actinolitic  habit  of  the  hornblende  as  an  indication) ;  sometimes 
the  rock  is  almost  fissile.  Traces,  however,  of  a  cleavage- 
foliation  can  be  generally  detected,  and  are  often  obvious. 

Kg,  4. — DiagrammaHc  sketch  of  a  face  of  gamet-acHnolite  rock. 
(Slopes  above  Airolo.) 


[Some  of  the  aotinolite-orystals  art  quite  4  inches  long.] 

(5)  Pressure,  though  it  may  account  for  this  foliation,  seems  in- 

adequate as  an  explanation  of  the  more  marked  instances  of 
mineral  banding,  in  which  felspar,  mica,  or  hornblende  may 
predominate  for  a  thickness  of  ^  inch  upwards. 

(6)  The  relation  of  these  varieties  in  the  field  appeared  explicable 

on  either  of  two  hypotheses  :  (a)  that  a  group  of  sedimentary 

rocks,  which  varied  somewhat  in  chemical  composition,  had 

undergone  extreme  metamorphism ;  or  (b)  that  the  apparent 

bedding  had  been  produced  by  fluxional  movements  in  a  magma, 

which,  either  from  differentiation  or  from  the  intrusion  of  one 

variety  into  another,  was  not  uniform  in  composition.^ 

There  is  much  to  be  said  in  favour  of  both  these  hypotheses. 

In  my  earlier  work,  at  a  thne  when  the  effects  of  pressure  on  rocks  of 

this  kind  were  ill  understood,  and  those  of  flnxional  movements 

were  almost  unknown,  I  adopted  the  former  one ;  but  I  am  now 

convinced  (especially  since  my  work  last  summer)  that  the  second 

hypothesis  affords  a  better  explanation  of  the  phenomena  as  a  whole. 

'  I  do  not  remember  to  have  found  the  aboye-deacribed  group  of  rooks  so 
well  developed  in  any  other  part  of  the  Alps,  althoudb  gneisses  of  the 
8t  Gk>thard  type— that  named  Montalban  by  the  late  Dr.  Sterry  Hunt — 
occur  sometimes,  and  seemingly  at  about  the  same  horizon.  These  '  Tremola 
Schists/  however,  appear  to  be  uncommon,  though  I  haye  seen  rather  similar 
rooks  in  the  Upper  Iselthal  and  the  Zillerthal,  and  specimens  from  other 
lyrolese  localities  in  the  Museum  at  Innsbruck.  Prof.  Lapworth  has  shown 
me  some  fine  specimens  of  these  rooks  which  he  obtained  at  Kongsvold 
(Norway). 
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III.  Results  of  Micboboopic  Examinatiok. 

As  these  rocks  are  well  known  to  petrologists,  and  their  minerals 
are  seldom,  if  ever,  exceptional,  I  will  not  lengthen  this  paper  hy 
giving  minute  descriptions  of  individual  specimens,  hut  will  briefly 
notice  the  chief  constituents,  and  then  discuss  certain  structural 
peculiarities  which  appear  to  throw  light  on  the  past  history  of  the 
group. 

The  specimens,  when  examined  by  the  microscope,  exhibit,  as 
we  might  expect  from  macroscopic  inspection,  certain  features  in 
common,  together  with  considerable  variety  in  constituents  and 
structure.  All  show  a  cleavage-foliation,  but  some  less  distinctly 
than  others ;  all  contain  nearly  the  same  minerals,  but  differ  in  the 
amount  of  garnet,  of  mica  (both  biotite  and  paragonite),  and  of  horn- 
blende, as  to  both  size  and  arrangement.  In  all  a  kind  of  ground- 
mass  is  present,  consisting  of  a  water-clear  mineral,  with  more  or 
less  of  a  silver- white  micaceous  constituent.  The  latter  is  generally 
subordinate  to  the  former,  though  once  or  twice  it  predominates. 
In  this  groundmass  are  scattered  iron-oxide,  garnet,  staurolite,  horn- 
blende (rarely  absent),  and  biotite  (in  larger  flakes).  The  water- 
dear  mineral  in  the  groundmass  forms  a  kind  of  mosaic,  the  grains 
varying  from  subrotund  to  angular,  and  seldom  exceeding  *01  inch 
in  diameter.  They  are  well  cemented  together,  showing  no  sign  of 
recent  fracture  or  crushing,  but  sometimes  contain  minute  enclosures 
irr^:ularly  disposed,  like  a  little  dust.  They  generally  resemble 
quartz  and  give,  with  crossed  niools,  similar  colours.  Some  may 
be  this  mineral,  but  the  majority  are  undoubtedly  felspar,  a  few 
exhibiting  twinning  on  the  albite-type.  Two  or  three,  which 
occur  in  small  veins,  or  are  in  contact  with  calcite  (an  occasional 
constituent),  are  partially  idiomorphic.  The  micaceous  constituent 
has  been  identified  as  paragonite  by  previous  observers.  It  occurs 
in  small  colourless  flakes,  often  with  rectilinear  outlines,  generally 
from  about  *003  to  *007  inch  in  length..  In  one  or  two  specimens, 
88  we  should  expect  from  their  macroscopic  aspect,  it  is  so  abundant 
that  in  places  the  water-dear  mineral  can  be  distinguished  only  in 
minute  interstitial  granules.  This  mica  generally  exhibits  more  or 
less  of  a  foliated  structure,  and  sometimes,  where  abundant,  appears 
to  be  crumpled.  Though  iron-oxide  and  biotite  might  be  occasionally 
daimed  as  constituents  of  the  groundmass,  I  think  that  they  are 
more  properly  reckoned  with  the  minerals  which  have  a  porphyritio 
habit.    These  are  as  follows : — 

(1)  Iron-oxide,  which  is  not  very  abundant,  occurs  in  granules 
or  grains,  and  in  fairly  well-formed  flattish  crystals,  the  mode  of 
assodation  of  the  first  suggesting  that  they  are  the  detritus  of  a 
larger  grain.  The  mineral  here  and  there  is  faintly  tranduoent, 
having  a  deep  reddish-brown  to  brownish-red  colour.  Some  of  it 
may  be  magnetite,  but  most  is  hematite,  perhaps  also  ilmenite. 

(2)  Garnet  (not  in  every  slice)  of  a  pale  pinkish-red  tint,  with 
enclosures  of  iron-oxide  and  other  small  minerals,  and  with  cavities, 
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the  last  Bometimes  so  abundant  as  to  give  a  rather '  dirty '  aspect  to 
the  mineral.  It  shows  occasionally  a  rade  cleavage  and  slight  local 
depolarization,  indicating  strain.  Sometimes  idiomorphic  crystals 
occur,  but  in  other  cases  one  part  retains  the  external  angles, 
while  the  remainder  has  an  irregular  outline.  A  few  of  the  crystals 
appear  to  have  been  more  or  less  broken  up,  the  larger  fragments 
still  lying  almost  in  contact.  But  more  usually  either  the  whole 
grain,  or  at  any  rate  a  part  of  it,  exhibits  that  peculiar  granulated 
character  and  partial  intermixture  with  the  groundmass  which  in 
a  garnet  prove  crushing.^  One  or  two  isolated  fragments  occur 
in  the  slices,  but,  as  a  general  rule,  there  are  no  marked  indications 
of  shearing,  nor  is  the  mineral  distinctly  flattened,  as  sometimes 

Fig.  5. — Biotite  inclttding  a  small  flake  of  the  green  variety  [oppo- 
site to  a],  with  grains  of  iron  oxide  and  groundmass,  (From 
a  small  quarry  rather  higher  than  that  mentioned  on  p.  358.) 


occurs.'  The  appearances  suggest  that  the  original  crystal  has 
been  more  or  less  cracked,  sometimes  a  little  deformed,  while 
occasionally  a  portion  has  been  shattered  and  mixed  up  with  other 
pulverized  minerals  in  its  immediate  vicinity.  uuuu^. 

(3)  Staurolite.  This  mineral  seems  to  occur  only  where  the 
garnets  are  abundant,  and  is  never  plentiful  or  large.    It  is  not^a 

^  It  ii  well  repreaented  in  the  coloured  plate  aooomMDyine  Mr.  G.  Attwood'0 
paper  (Quart  Joum.  Geol.  Soc.  voL  xliv,  1888,  p.  636),  and  deaeribed  in  mj 
note,  ibid.  p.  651. 

*  See,  for  instance^  Proc.  Boy.  Soo.  vol.  xlii  (1887)  p.  322. 
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dark  yariety,  and  is  generally  rather  irregular  in  outline,  as  if  a 
crystal  or  grain  had  been  broken  up  and  re-cemented.^ 

(4)  Biotite  is  always  present,  though  the  quantity  is  very 
yariable,  and  three  types  may  be  distinguished :  (a)  one,  perhaps 
the  least  frequent,  in  small  flakes,  somewhat  irregular  in  outline, 
in  rather  streaky  groups ;  (h)  small,  fairly  regular  flakes,  associated, 
as  described  below,  with  large  crystals  of  actinolitic  hornblende ; 
(e)  large  flakes,  with  well-defined  but  not  crystalline  outlines,  clear 
and  fresh-looking.  The  first  type  has  probably  been  formed  by 
the  breaking  up  of  a  larger  flake  under  pressure;  the  second  I 
pass  over  for  the  moment,  as  it  can  be  most  oonyeniently  discussed 
in  connexion  with  the  hornblende.  The  third  type  occurs  in 
comparatively  large  flakes,  say  up  to  ^  inch  broad,  is  strongly 
pleochroic,  and  contains  granules  of  iron-oxide  and  the  water- 
dear  mineral  of  the  groundmass,  sometimes  with  small  flakes  of  a 
rather  pale  green  mica.  The  last  pierces  the  biotite  at  various  angles 
with  its  basal  plane,  sometimes  also  is  included  in  it,  and  occasionally 
is  quite  separate  (see  fig.  5,  p.  365).  This  mineral  usually  is  h-ee 
from  inclusions,  and  rather  feebly  pleochroic,  changing  from  a  pale 
greenish  straw-colour  to  a  light  dullish  green.  I  have  no  doubt  that 
it  is  a  hydrous  biotite,  for  flakes  of  that  mineral  sometimes  are  in  this 
condition  at  their  edges.  But,  from  the  way  in  which  it  occurs  as 
an  inclusion  in  the  larger  anhydrous  mineral,  it  must  either  difler 
in  chemical  composition  (so  as  to  be  more  readily  affected  by  water) 
or  (as  1  think  more  probable)  it  must  be  an  older  mineral,  which 
was  hydrous  at  the  time  of  inclusion.  The  flakes  of  ordinary  biotite 
lie  with  their  basal  cleavages  in  various  directions,  perhaps  more 
often  than  not  at  a  high  angle  with  those  of  cleavage-foliation,  and 
the  facts  mentioned  above  lead  me  to  infer  that  they  were  formed 
at  a  comparatively  late  date  in  the  history  of  the  rock. 

(5)  Hornblende.  A  smaD  grain  of  rather  frogmen  tal  aspect  may 
be  occasionally  seen  in  the  groundmass,  but  this  mineral  generally 
occurs  in  fairly  deflnite  crystals.  Now  and  then  (especially  in  one 
specimen)  these  are  almost  idiomorphic ;  they  are  always  more  or 
less  lancet-shaped  and  sometimes  acicular,^  the  outlines  in  the 
latter  case  being  always  rather  irregular.  They  are  in  colour  a 
rather  rich  green,  and  strongly  pleochroic.  They  include  grains  of 
iron-oxide,  of  the  water-dear  groundmass,  and  well-defined  small 
flakes  of  biotite.  In  some  cases  we  find  a  number  of  parallel  prisms 
of  hornblende,  like  an  imperfect  grating  or  gridiron,  separated  by 
larger  intervals  of  a  water-dear  felspar  or  even  by  a  mosaic  of  the 
same,  as  If  an  effort  had  been  made  at  crystal-building,  which  had 
only  produced  a  skeleton.  The  more  elongated  forms  often  exhibit 
a  fringing  growth  of  small  flakes  of  biotite,  or  rather  pass  into  this 
externally,  so  that  the  flakes  conform  very  nearly  to  the  outline 

>  The  occurrence  of  staurolite  in  a  rook  which  probably  has  been  in  a 
molten  condition  is  unusual,  so  far  as  we  know,  but  a  perallel  may  be  found  in 
andalusite. 

^  The  '  needle/  it  must  be  remembered,  is  a  stout  one,  often  quite  a  thick 
bodkin. 
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of  the  crystal  (see  fig.  6,  below).  Occasionally  we  find  that  an  end 
or  a  small  portion  of  a  hornblende-crystal  is  apparently  replaced  by 
these  flakes.'  Sometimes  also  a  separate  grain  of  hornblende  may  be 
found,  rather  prismatic  in  outline,  which  seems  to  form  a  nucleus 
to  three  or  four  flakes  of  biotite  and  presents,  if  I  may  so  express  it, 
a  residual  aspect. 

Pig.  6. — One  end  of  a  lancet-thaped  crytial  of  acHnolite,  tipped  and 
fringed  tvith  flakes  of  biotite,  (From  the  agcent  to  the  St.  Oothard 
Pau.) 


x25. 
[a^actinolite ;  6 ■■biotite.] 

(6)  Chlorite.  This  mineral  has  a  more  or  less  fan-likejgrowth, 
is  fairly  pleochroic,  changing  from  a  light  tawny  buff  to  a  rather 
pale  dull  green,  exhibiting  low  polarization-tints  and  straight 
extinction.  It  is  abundant  only  in  one  slice.  Here  it  occurs  in 
somewhat  irregular  patches,  which,  however,  in  one  or  two  cases 
are  seen  to  be  associated  with  hornblende,  and  led  me  to  infer  that 
the  mineral  has  replaced  biotite. 

(7)  £  pi  dote,  not  unfrequent  in  grains  and  rather  irregular 
prisms,  having  the  usual  aspect  and  tints,  without  and  with  the 
polariscope,  though  this  instrument  shows  that  low-coloured  grains 
sometimes  occur  with  the  others,  and  the  possibility  that  certain  of 
these  may  be  zoisite  is  suggested.' 

^  Ab  if  (to  OBO  ft  simile^  the  design  of  ft  homblende-buildiDg  hftd  been  carried 
out  with  btotitic  materiafs. 
'  Thej  do  not  generally  admit  of  aocoiate  maaffurements. 

a  J.  G.  S.  No.  215.  29  a 
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(8)  Calcite  (or  a  closely-allied  carbonate)  is  present  in  some 
slicee ;  occasionally  it  forms  fair-sized  grains,  sometimes  it  is  inter- 
stitial in  a  hornblende  '  gridiron '  or  is  moulded  on  an  idiomorpbic 
felspar-crystal. 

(9)  Rutile,  zircon,  and  one  or  two  other  accessory  minerals 
occur,  but  are  far  from  common,  and  call  for  no  special  notice.' 

IV.  Ikfebvnoes  as  to  Mineral  ahd  other  Changes. 

The  microscopic  studies  summarized  above  fully  confirm  the 
inferences  suggested  by  work  in  the  field,  that  we  are  dealing  with 
a  group  of  rocks  which  originally  varied  from  ordinar}-  diorite  to 
homblende-biotite  granites,  not  rich  in  quartz,  in  which  garnets 
are  present  to  a  variable  extent,  and  are  more  common  in  the  latter 
rocks.  In  these  they  also  attain  a  larger  size,  and  are  occasionally 
associated  with  a  little  staurolite.  The  different  members  seem  to 
pass,  though  not  seldom  rapidly,  one  into  another,  and  alternate, 
sometimes  on  a  large,  sometimes  on  a  small  scale;  in  short,  they 
often  mimic  true  stratification.  But  whatever  may  have  been  the 
origin  of  the  group,  after  ite  members  became  holocrystalline, 
pressure  came  into  play,  and  crushed  them  more  or  less,  the  extent 
depending  on  their  composition  and  on  local  circumstances.  The 
garnets  generally  did  not  suffer  severely :  the  quartz,  when  present, 
was  more  or  less  broken  up,  the  felspar  was  generally  much  crushed- 
afterwards  it  was  in  some  cases  converted  into  paragonite  (silica 
being  set  free),  though  a  fragment  now  and  then  survived,  bat  in 
others  (and  more  commonly)  it  went  back  to  a  water-clear  felspar, 
not  always  quite  identical  in  chemical  composition,  for  I  r^ard  the 
dust  as  representing  an  unused  aluminous  silicate.  Possibly  the 
difference  mentioned  may  have  depended  upon  whether  the  water 
in  the  rock  percolated  or  was  almost  stagnant. 

The  original  hornblende  and  biotite  were  also  crushed,  and  when 
the  groundmass  was  reconstructed,  or  perhaps  at  a  slightly  later  date 
they  were  rebuilt,  the  hornblende  with  a  more  or  less  actinolitic 
habit.  The  larger  flakes  of  biotite,  which  include  grains  occurring 
in  the  groundmass,  may  have  been  growing  simultaneously  with  the 
other  mineral,  but  the  smaller  flakes  associated  with  it,  as  described 
above,  must,  I  think,  be  later  in  date.  Though  not  exactly  pseudo- 
morphs,  they  appear  to  be  determined  in  position  by  the  hornblende 

1  Some  bed-like  masses  of  a  fairly  typical  hornblende-schist  are  found  in  the 
Tremola  group,  occurring,  so  far  as  my  memory  goes,  in  the  flatter  part  of  the 
Talley  above  the  first  long  series  of  zigrags.  Their  relations  to  the  rest  of 
the  ^up  are  not  easily  determined,  but  I  suspect  them  to  be  intrusiye  sheets 
modified  by  subsequent  pressure.  The  three  specimens  which  I  have  examined 
under  the  microscope  show  a  more  or  less  foliated  structure  and  the  following 
minerals:  hornblende,  generally  in  somewhat  elonarated  prisms,  but  harSv 
actinolites,  well  cleaved,  and  a  rich  green  in  colour ;  biotite  in  flakes^  comparable 
in  size  with  the  other,  variable  in  amount ;  secondary  felspar ;  perhape  a  littie 
quarto ;  some  epidote,  iron-oxide  (certainly  ilmenite  in  one  case),  calcite  (rather 
abundant  in  one  specimen),  rutile  (rather  frequent  in  another),  and  one  or 
two  accessories.  These  specimens  do  not  suggest,  like  the  others  described 
'  bove,  a  '  rebuilding '  of  hornblende  or  biotite  on  a  large  scale. 
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and,  in  some  instances,  to  occur  who  re  the  included  felspar-granul 
are  more  abundant  than  is  usual.  Hence  I  infer  that  we  may 
account  for  them  in  the  following  way : — Whenever  hornblende  and 
felspar,  especially  if  intimately  mingled,  were  in  contact  and  in  a 
rather  unstable  condition,'  the  ferromagnesian  constituents  of  the 
former,  and  the  alkaline-aluminous  of  the  latter,  might  be  com- 
bined to  produce  biotite,  for  the  last-named  is  often  the  ofi&pring 
of  the  other  two  minerals.'  The  larger  biotites,  however,  may 
result  from  the  reunion  of  the  minerals  of  an  original  but  crushed- 
up  crystal.  The  frequent  occurrence  of  flakes,  the  basal  planes  of 
which  make  high  angles  with  the  deavage-foliation,  suggests  that 
often  they  did  not  begin  to  form  till  the  pressure  had  been  relaxed. 
The  more  or  less  actinolitic  hornblende  may  be  thus  explained. 
This  shape,  as  I  have  already  shown,  is  commonly  assumed  when 
the  mineral  crystallizes  under  a  pressure  definite  in  direction.^ 
But  in  this  case  something  more  has  to  be  explained.  Acicular 
or  lancet-shaped  crystals,  often  2  inches  long,  occasionally  more, 
form  bunches,  which  sometimes  diverge  from  a  centre  in  opposite 
directions  (see  figs.  2-4,  pp.  362-363).  The  finest  examples  of 
this  structure  lie  in  the  planes  of  cleavage-foliation,  though 
some  occur,  especially  if  the  crystals  are  more  lancet-shaped, 
with  different  orientations,  probably  when  that  foliation  is  not 
very  distinct.  A  single  instance  may  suffice  to  present  the 
problem  to  be  solved.  A  flattish  crystal  of  hornblende,  about 
^  inch  wide,  splits  up  into  a  group  like  the  sticks  of  a  partly- 
opened  fan :  the  ends  of  the  outermost,  at  the  distance  of  an 
inch  or  a  little  more  from  the  beginning,  being  a  good  |  inch 
apart  (and  sometimes  even  more),  while  a  considerable  space  on 
either  side  is  quite  free  from  hornblende.  Was  the  powder  of  that 
mineral  spread  rather  abundantly  over  an  area  shaped  like  an 
acute-angled  triangle,  or,  if  it  were  more  uniformly  disseminated 
through  the  mass,  could  it  be  forced*  t'O  concentrate  along  certain 
lines  ?  Which  mode  of  distribution  is  the  more  probable?  Suppose 
an  ordinary,  moderately  coarse  diorite  to  be  simply  crushed ;  then 
a  number  of  patches  of  powdered  hornblende  and  felspar  will  be 
formed,  rudely  ellipsoidal  in  shape  and  elongated  considerably  in 
the  direction  of  least  resistance.^  If  shearing  also  occurs,  the  result 
will  be  somewhat  similar,  but  the  patches  will  be  much  longer. 
They  will  be  drawn  out  in  streaks,  perhaps  with  more  mixing 
of  constituents.  This  would  explain  the  coincidence  of  long 
actinolites  with  the  cleavage-foliation,  but  not  their  occurrence 
in  fan-shaped  groups  or  the  rather  frequent  presence  of  fair-sized 
crystals  at  high  angles  with  that  structure.    Moreover,  so  far  as 

*  This  might  depend  on  differences  of  temperature  in  the  mass  or  in  the 
amount  of  water  present 

^  That  this  does  occur  has  been  already  shown  (though  in  that  case  the 
circumstances  were  different) :  Hill  &  Bonney,  Quart.  Joum.  G^ol.  Soc.  yoL  xliriii 
(I8d2)  pp.  127-132. 

>  Quart  Joum.  OeoL  Soc.  vol.  xlix  (1893)  p.  94  &  vol.  1  (1894)  p.  279. 

^  As  in  the  case  of  ordinary  cleavage. 

2j>2 
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we  can  infer  from  the  other  constituents,  the  amount  of  shearing 
has  not  been  great.  Hence  it  seems  more  probable  that,  when  a 
crystal  has  begun  to  form,  it  can  bring  together  its  constituents  from 
some  distance,  even  when  the  rock  is  in  a  powdered  condition.  Such 
an  occurrence  is  familiar  enough  in  a  molten  rock,  but  in  the  oases 
before  us  the  constituents  must  travel  rather  as  particles  in  suspen- 
sion than  as  molecules  in  solution.*  The  force  of  crystaUization,  if 
the  term  be  permissible,  must  act,  like  gravitation,  across  space ; 
it  may  be  more  aptly  compared  with  magnetism,  for  it  is  selective 
in  action,  and  perhaps  capable  of  being  excited  by  certain  conditions. 
I  mean  that  it  is  active  when  crystal-building  is  going  on,  but  is  at 
other  times,  as  it  were,  dormant.  This  seems  to  me  the  *  how';  as 
to  the  *  why'  it  is  better,  I  think,  to  confess  ignorance  than  to  try  to 
mask  this  under  long  words.  How,  then,  shall  we  accoimt  for  the 
divergent  habits  of  the  actinolites  ?  I  have  elsewhere  shown  ^  that 
hornblende  under  severe  pressure  tends  to  assume  an  acicular  form, 
and  we  can  understand  the  needles  developing  in  the  planes  of 
deavuge-foliation  as  those  of  least  resistance,  but  this  is  not  all. 
The  stouter  crystals,  as  I  have  already  said,  have  a  tendency  to 
run  into  slightly  diverging  needles  at  their  ends,  while  the  longer 
resemble  the  sticks  of  a  half-opened  fan.  I  infer  from  what  I  have 
seen  in  the  field  and  under  the  microscope  that  when  the  forces 
which  operate  in  crystal-building  are  unequal,  when  '  growth '  is 
more  easy  in  the  direction  of  any  axis,  the  tendency  to  unequal 
development  is  exaggerated  by  obstruction.  Now  a  crystal  of 
ordinary  hornblende  is  commonly  rather  elongated  in  the  direction 
of  the  vertical  axis  ;  hence,  when  it  has  to  encounter  opposition  in 
growing,  as,  for  instance,  to  force  its  way  through  powdered  rook, 
t^e  crystal  will  lengthen  much  more  rapidly  than  it  will  thicken, 
and  thb  tendency  will  be  exaggerated  if  the  vertical  axis  happen 
to  lie  in  the  plane  of  easiest  development — namely,  that  of  cleavage- 
foliation.  Should  the  crystal  encounter  obstacles  as  it  enlarges,  these 
may  be  pushed  aside  if  small  enough,  or  incorporated  with  it,  as  we 
80  often  see,  or  they  may  cause  it  to  branch  into  either  divergent 
needles  or  root-like  processes.  The  results  will  be  either  tufted 
forms,  or  some  kind  of  skeletal  crystal,  or  a  micrographio  structure. 
To  an  influence  of  this  kind  I  attribute  the  frost-flowers  on  glass 
and  some  of  the  mineral  structures  called  dendritic. 

The  eflects  of  crystallization  in  the  presence  of  obstacles  of  slightly 
larger  size  are  often  exhibited  when  a  fllm  of  mud  covering  a  sand- 
stone-flagged pavement  is  frozen.  If  the  film  be  thin,  it  produces 
coarse  and  rather  large  frost-flowers ;  if  thick,  groups  of  tufted 
and  branching  crystals,  with  a  general  resemblance  in  size  and 
shape  to  the  actinolites  in  the  above-described  rocks,  but,  as  might 
be  expected  under  the  circumstances,  more  closely  connected 
together.     In  order  to  test  this  idea,  Miss  Baisin,  who  has  been 


^  The  segregation  of  powdered  flint  from  china-clay  (Sedgwick,  Trsna.  G^L 
Soa  ser.  2,  vol.  iii,  pt  in,  1885,  p.  461)  and  the  '  kernel-roasting*  of  oopper-ore 

Google 


to  .some  extent  illustrate  the  same  propensity. 
«  Quart.  Joum.  G^eol.  800.  vol.  xlix  (1893)  p.  94. 
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investigating  the  nature  of  certain  forms  assumed  by  pigments  in 
drying,  undertook  some  experiments  with  substances  which  readily 
crystallize.  As  these  will  be  shortly  published,*  I  restrict  myself 
to  stating  the  general  results.  In  crystallization  from  a  simple 
solution,  the  larger  and  bett.er-developed  crystals  occur  near  the 
edge  of  the  drop,  and  by  this,  apparently,  their  direction  of  growth 
is  to  some  extent  determined.  In  the  interior  they  are  apt  to  be 
smaller  in  size  and  more  confusedly  scattered.  In  crystallization 
among  a  uniformly-obstructing  medium  (such  as  gelatine),  or  some- 
times from  a  thin  mixture  of  a  pigment  like  Prussian  blue,  the  same 
rule  generally  held  near  the  edge,  but  the  crystals  in  the  interior 
were  larger,  better  developed,  and  more  definitely  grouped,^  showing 
a  marked  tendency  to  branching  and  to  growing  on  a  '  fern-leaf ' 
pattom.  With  a  thicker  mixture  of  a  pigment  (especially  if  it  were 
slightly  coarser)  the  crystals  were  yet  larger  and  often  more  roughly 
formed,  growing  in  straight  lines  with  frequent  bifurcations  which 
diverged  at  low  angles,  or  forming  tufted  growths ;  in  fact  they 
approached  more  nearly  to  the  habit  of  the  actinolite  described 
above.*  But  when  a  stUl  larger  amount  of  pigment  was  mixed  in 
the  solution,  then  the  crystals,  so  far  as  could  be  judged  from  an 
examination  with  reflected  light  (for  the  material  practically  was  no 
longer  translucent),  became  smaller  again  and  formed  a  confusedly- 
matted  mass,  though  in  this  the  *•  actinolitic '  habit  was  still  per- 
ceptible. Thus  I  believe  that  the  peculieur  shapes  of  these  secondary 
actinolites  are  in  reality  a  record  of  past  episodes  in  the  history  of 
the  rock — that  they  were  formed  after  it  had  been  largely  pul- 
verized, but  before  reconsolidation  had  taken  place,  and  perhaps 
under  considerable  pressure. 

V.  ComnsxioN  op  Changes  with  Earth-movements. 

One  question  remains:  When  did  this  reconstr action  oi  m 
'  Tremola  Schiste '  take  place  ?  Was  it  the  result  of  one  of  the 
two  great  earth-movements  which  produced  the  existing  Alpine 
chain,  or  should  it  be  assigned  to  an  earlier  date?  That  such 
movements  also  occurred  in  pre-Triassic  and  even  in  pre-Carboni- 
ferous  times  is  certain.^  Fragments  of  schists  from  the  ^  Upper 
Group,'  as  I  have  more  than  once  described,  occur  in  the  Triassic 
rauchwacke  and  can  hardly  be  distinguished  from  specimens  which 
may  be  collected  in  situ  in  the  immediate  neighbourhood.  But 
these  Tremola  Schists  also  yield  some  indirect  evidence.     Though 

»  [They  have  now  (June  24th)  appeared  in  Proc.  Boy.  Soo.  vol.  hdii,  p.  217.1 

'  We  might  say  that  the  struggle  for  existence  led  to  a  turriyal  of  the 
fittest 

'  On  this  subject  a  considerable  amount  of  literature  exists,  from  which  the 
following  is  a  selection :  Lehmann,  Zeitschr.  fur  Kryst.  etc.  vol.  i  (1877)  p.  453  ; 
H.  J.  Slack,  Trans.  Roy.  Micr.  Soc.  vol.  v  (1871)  p.  115 ;  H.  Vater  (on  Oalcite), 
Zeitschr.  fur  Kryst.  etc.  vols,  xxi,  zxii,  xxiv,  xxvii  (1892-96),  five  parts. 

*  Alpine  Joum.  vol.  xiv,  p.  38,  etc. ;  Quart  Joum.  Geol.  Soc.  toI.  xlvi  (1890) 
p.  2(H. 
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certain  of  them  are  rather  fissile,  they  are,  as  a  general  role,  fairly 
well  consolidated :  the  minerals  of  the  groundmass  presenting  a 
mosaic  structure,  usually  without  any  obvious  indication  of  crushing. 
The  same  remark  holds  good,  so  far  as  I  have  examined  them,  of 
the  other  gneisses  and  schists  (including  the  granitoid  mass  called 
the  Fibbia  Gneiss)  on  the  upper  part  of  the  St.  Gothard  Pass ;  but 
the  gneisses  on  the  northern  side  of  the  great  trough  occupied  by 
^e  head-waters  of  the  Reuss  and  Bhone  exhibit  much  more  distinct 
signs  of  having  been  crushed.  Parts  of  the  felspars  have'  indeed  been 
replaced  by  minute  white  mica  and  free  quartz,  but  the  reconstruc- 
tion here  is  less  complete  than  in  the  case  of  the  Tremola  Schists. 
Agaih,  while  the  general  trend  of  the  great  rock-masses  at  the 
St.  Gothard  is  not  far  from  west  to  east,  the  strike  of  the  apparent 
bedding  and  the  cleavage-foliation  in  the  Tremola  Schists  generally 
varies  from  N.E.  to  N.N.E.,  a  strike  indeed  which,  as  it  has  been 
more  than  once  observed,  is  sometimes  very  marked,  and  can  be 
detected  at  intervals,  in  almost  every  part  of  the  Alpine  chain.  This 
structure,  for  reasons  already  published,  I  regard  as  pre-Triassic. 
Hence  I  think  it  probable  that  the  Tremola  Schists  attained  very 
nearly  to  their  present  condition  at  a  date  prior  to  the  mountain- 
making  of  the  existiug  Alpine  system. 

DiscrssioN. 

Gen.  McMahok  remarked  on  the  important  character  of  this 
communication.  The  Author  had  added  to  the  list  of  rocks  originally 
regarded  as  sedimentary  but  now  proved  to  be  of  igneous  origin. 
The  influence  of  fluxion-movements  on  an  igneous  rock  prior  to 
consolidation,  especially  when  more  or  less  magmatic  differentiation, 
or  the  injection  of  one  rock  by  another  igneous  rock,  had  taken 
place,  was  receiving  more  and  more  recognition.  This  action  had 
recently  received  a  beautiful  illustration  in  the  experiments  of 
Mr.  H.  S.  Hele-Shaw : — colouring-matter  injected  into  flowing 
water  curving  round  obstacles,  and  imitating  in  a  remarkable  way 
the  foliation  of  gneissic  and  banded  rocks.  The  Author  had  also 
proved  in  his  paper  that  the  structure  now  to  be  seen  in  rocks  was 
sometimes  the  result  of  complex  causes  :  the  production  of  secondary 
mica  being  subsequently  superinduced  by  pressure  on  a  rock  whose 
main  structural  features  were  due  to  causes  operating  prior  to 
consolidation.  Garnets  were  one  of  the  roost  common  products  of 
contact-metamorphism,  but  they  were  also  present  in  many  igneous 
rocks  as  original  constituents,  as  shown  by  their  sometimes  con- 
taining  such  igneous  minerals  as  ber}  1 ;  he  therefore  had  no  doubt 
that  the  Author  was  correct  in  regarding,  as  he  understood  him  to 
do,  the  garnets  in  the  rock  described  as  original  minerals. 

Prof.  Watts  was  glad  to  hear  it  conceded  that  the  bulk  of  the 
Tremola  Schists  were  originally  igneous  rocks.  In  reference  to  a 
remark  made  by  the  previous  speaker,  he  wished  to  observe  that 
while  the  earlier  advocates  of  dynamo-metamorphism  may  have 
been  wrong  in  attributing  too  much  to  pressure,  all  recent  papers 
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on  the  subjeot  agreed  that  a  great  deal  of  the  effect  was  due  to  this 
agency.     To  this  role  the  present  paper  was  no  exceptiou. 

Prof.  JuDD  also  spoke. 

The  AuTHOB  expressed  his  thanks  to  the  speakers  for  the  recep- 
tion which  they  had  given  to  his  paper,  and  stated  that  he  did  hold 
the  garnets  to  be  original  minerals,  for  they  frequently  occurred  in 
igneous  rocks  in  cases  where  there  was  a  local  deficiency  of  alkaline 
constituents.  He  by  no  means  denied  that  pressure  was  an  important 
agent  in  producing  mineral  change,  yet  he  thought  that  these  and 
many  other  rocks  exhibited  structures  which  could  not  be  attributed 
to  it,  but  must  be  due  to  fluxional  movement  during  cooling,  if  they 
were  not  due  to  metamorphism  of  banded  sediments. 


Digitized  by 


Google 


374  BR.  C.  CALLAWAT  OK  THE  MRTAMORPHISM  OF      [Aug.  1 898, 


28.  On  the  Mbtamobphism  of  a  Sbbiep  of  Grits  and  Shales  in 
NoRTHBBjT  Akglbsbt.  By  Charles  Callaway,  M.A.,  D.So., 
F.G.8.     (Read  May  IStb,  1898.) 

Is  a  recent  paper'  read  before  this  Society,  I  endeavoured  to  show 
that  certain  gneisses  in  Southern  Anglesey  were  formed  out  of 
plutonic  rocks.  Fragments  of  these  gneisses  have  been  identified  * 
in  younger  pre-Cambrian  strata  lying  to  the  north,  and  these,  in 
their  turn,  yield  an  abundance  of  rounded  derivatives'  to  the  basal 
PalaBozoic  conglomerates  of  the  island.  These  newer  pre-Cambrians, 
which  I  have  provbionally  referred  to  the  Pebidian  system,*  display 
great  variations  in  their  degree  of  crystallization.  Hence  arises  one 
of  the  chief  difficulties  in  unravelling  the  geology  of  Anglesey.  It 
has  become  increasingly  evident  that  the  questions  still  in  dispute  in 
this  complicated  area  can  be  settled  only  by  (1)  carefully  mapping 
the  ground  in  minute  detail,  and  (2)  determining  the  nature  and 
d^ree  of  alteration  which  many  of  the  rocks  have  undergone. 
Mr.  Edward  Greenly  has  devoted  himself  with  great  enthusiasm  to 
the  former  task,  and  the  first-fruits  *  of  his  work  promise  highly 
satisfactory  resull^s.  The  present  paper  is  offered  as  a  further 
contribution  to  the  series  of  problems  arising  under  the  latter 
head.  It  is  here  proposed  to  examine  a  series  of  grits  and  shales 
in  Northern  Anglesey,  and  to  show  that  they  are  transformed  into 
true  crystalline  schists  as  we  follow  them  in  a  southerly  direction. 

I.'  The  Area  described. 

North  and  north-west  of  Amlwch  the  ground  is  much  disturbed 
and  mixed  up  with  faulted  fragments  of  Palaeozoic  strata.  To 
avoid  controversial  topics,'  I  shall  confine  myself  to  a  patch  about 
3  miles  square,  lying  south-west  of  Amlwch,  extending  north  and 
south  from  Uanfeohell  and  Ehosbeirio  to  the  boundary-fault  near 
Melin  Pant-y-Gwydd  and  Pant-y-Glo,  and  west  and  east  from 
Mynyd  Mechell  to  Bodewryd.  Over  this  area  the  rocks  appear  to 
be  unbroken  by  faults,  and  exposures  are  fairly  abundant. 

I  originally'  divided  the  rocks  of  this  district,  taking  them  from 
south  to  north,  into  (1)  Chloritic  Schists  of  Mynydd  Mechell,  (2) 
Danfechell  Grits,  (3)  Ehosbeirio  Shales ;  aud  I  am  disposed  to 
conclude  that  the  strata  form  an  ascending  series.     The  usual  dip 

>  Quart.  Journ.  Geol.  See  toI.  liii  (1897)  p.  349. 

»  Ibid,  vol.  xxxvii  (1881)  p.  235.         »  Ibid,  vol.  xl  (1884)  pp.  668,  571,  578. 

*  Ibid,  vol.  xxxvii  (1881)  p.  232.  «  Ibid.  vol.  hi  (1896)  p.  618. 

["  I  refer  especially  to  the  connexion  alleged  by  Prof.  Huffhes  to  exist  between 
these  rocks  and  the  fossiliferous  stratA  at  Porthwen  (*OeoL  of  Anglesey,' 
Quart.  Journ.  Geol.  8oc.  vol.  xxxvi,  1880,  p.  237,  &  voL  xxxviii,  1882,  p.  16J, 
and  to  the  subsequent  criticisms  of  the  Rev.  J.  F.  Blake  (Quart.  Journ.  Geol. 
Soc.  vol.  xliv,  1888,  p.  521).  See  also  Hughes  in  Rep.  Brit.  Assoc.  (York)  1881, 
p.  644.] 

^  Quart.  Journ.  Geol.  Soc.  vol.  xxxvii  (1881)  p.  223. 
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is  to  the  north,  or  a  little  east  of  north,  and  there  is  a  clear  change 
in  the  nature  of  the  sediment  as  we  go  northwards.  The  lowest 
gronp  is  highly  quartzose  and  gritty.  In  the  middle,  around  Llan- 
fechell,  there  is  a  considerahle  admixture  of  softer  heds,  which  I  have 
described  as  hypometamorphic  shales;  while  at  the  summit 
of  the  series  the  shaly  strata  predominate,  with  gritty  seams  in 
subordinate  proportion.  The  almost  uniform  northerly  dip  might  of 
course  have  been  produced  by  excessive  pressure  causing  overfolding 
or  overthrust,  but  of  this  there  is  no  evidence,  and  it  may  be  fairly 
concluded  that  the  series  is  regular  and  ascending  from  south  to 
north.  This,  however,  is  a  minor  point,  and  has  no  material 
bearing  on  my  main  contention. 

n.  The  Mstamobphism  as  seen  In  the  Field. 

The  highest  beds  are  well  exposed  in  quarries  and  natural  sections 
around  Rhosbeirio.  They  consist  of  purple,  yellow,  and  pale-green 
shales,*  with  intercalated  bands  of  grit.  The  dip  is  at  moderate 
angles,  and  there  are  no  signs  of  contortion  or  dislocation.  A  slight 
glistening  on  lamination-surfaces  indicates  some  alteration,  and 
suggests  the  use  of  the  term  ^  hypometamorphic* 

Beds  of  an  int'Crmediate  character  form  the  underlying  horizon. 
They  can  be  studied  around  Llanfechell.  The  grits  do  not  greatly 
differ  from  those  at  Rhosbeirio,  but  the  softer  seams  display  a  distinct 
micaceous  or  chloritic  lustre.  Similar  beds  are  exposed  along  the 
easterly  strike  at  Nant-y-Cyntin.  Farther  east,  a  short  distance 
south  of  Rhosbeirio,  rocks  resembling  the  Rhosbeirio  Shales  and 
Grits  are  seen  in  a  quarry  at  Bodewryd  Newydd.  They  are  slightly 
contorted  in  places,  and  these  contorted  seams  are  more  schist-like 
than  tlie  shales. 

The  lowest  beds  of  the  series  arc  conspicuously  gritty.  Indeed, 
they  were  originally  described  by  Ramsay'  as  'foliated  grits.' 
Intercalated  with  the  coarser  seams  are  bands  of  a  well-foliated 
micaceous  or  chloritic  schist,  the  micaceous  constituent  evidently 
predominating.  Near  Cas  Clock,  for  example,  the  schist  is  highly 
foliated,  and  displays  a  silvery  lustre.  Nearly  everywhere  in  these 
gritty  rocks  the  contortion  is  strongly  marked. 

Excellent  sections  are  exposed  at  Pant-y-Glo,  and  these  may  be 
taken  as  typical  of  the  lowest  series.  They  are  also  of  critical  im- 
portance, as  bearing  on  the  question  of  metamorphism.  The  strata 
consist  predominantly  of  hard  green  grits,  showing  a  laminated 
structure,  and  evidently  much  compressed.  That  they  were  once 
ordinary  sediments  will  be  shown  by  microscopic  evidence.  Inter- 
calated with  them  are  seams  of  perfectly  foliated  glistening  schist. 
So  closely  associated  are  these  schists  with  the  grits  that  a  common 
origin  must  be  predicated  for  both. 

*  The  partially  volcanic  origin  of  the  Anglesey  Pebidians  was  noticed  in  my 

Siper  in  this  Journal,  vol.  xxxvii  (1881),  and  subsequently  by  the  Bev.  J.  F. 
lake,  in  1888. 
>  Mem.  Geol.  Surv.  vol.  iii  (1866) '  Geol.  of  North  Wales,'  p.  184. 
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It  will  have  been  noticed  that  the  signs  of  compression  and  con- 
tortion become  more  marked  as  we  descend  in  the  series,  and  the 
suggestion  arises  that  a  causal  connexion  exists  between  the 
increased  metamorphism  and  the  increased  pressure.  This  point 
will  be  discussed  after  the  microscopic  evidence  has  been  presented. 

III.   MiCBOBCOPIO  EVIDKVCB  OF  THK  MkTAMORPHISM. 

Some  of  the  rocks  of  this  area  were  microscopically  described  by 
Prof.  Bonney  in  an  Appendix  ^  to  one  of  my  papers  on  the  Archaean 
Geology  of  Anglesey.  These  specimens  were  placed  by  him  in  two 
distinct  groups:  (1)* Slaty  and  other  not  highly  altered  Bocks/ 
(2)  '  Chlorite  Schists.'  As  the  obj(H»,t  of  this  paper  is  to  prove  that 
the  latter  are  a  more  highly  altered  phase  of  the  former,  it  will  be 
well  to  reproduce  Prof.  Bonney 's  very  succinct  descriptions  of  a  few 
of  the  varieties. 

The  foUowirg  is  fairly  typical  of  the  former  group : — *  47  (lian- 
fechell).  A  coarser  fragmental  rock  with  a  rather  streaky  struc- 
ture, not  unlike  some  of  those  which  occur  in  the  Borrowdale  Series, 
containing  numerous  microliths  of  the  viridite  group,  some  being 
certainly  chlorite.  The  aspect  of  the  rock  suggest-s  that  it  has 
undergone  considerable  pressure.  Many  of  the  embedded  fragments 
are  from  about  0*03  to  0*06  inch  in  longer  diameter.  Among  them 
quartz,  felspar,  altered  biotite  (?),  and  a  chloritic  quartz-schist  may 
be  recognized,  detrital  materials  almost  certainly  derived  from  the 
older  gneissic  and  schist-rocks  of  this  region  of  North  Wales. 
Other  fragments  of  a  less  certain  character  are  present,  with  grains 
of  decomposed  ilmenite  or  magnetite  and  of  epidote,  which  perhaps 
has  replaced  some  other  mineral.' 

This  specimen  belongs  to  the  middle  group,  and  is  rather  more 
crystalline  than  the  gritty  seams  in  the  Khosbeirio  Shales. 

The  next  two  slides  (45,  46)  belong  to  the  second  division,  and 
are  placed  by  Prof.  Bonney  under  the  head  of  *  a  group  of  highly 
altered,  distinctly-foliated  rocks,  consisting  mainly  of  rather  minutely- 
crystalline  chlorite  and  quartz.'  Of  No.  45  he  writes  : — '  chloritic 
constituent  rather  minute,'  and  of  No.  46,  *  highly  altered  and 
markedly  foliated.' 

A  series  of  slides  from  Khosbeirio,  lianfechell,  Pant-y-Glo,  and 
intermediate  localities,  links  together  the  fragmental  rocks  with 
the  true  schists.  The  gradation  is  seen  in  both  the  fragments  and 
the  matrix. 

The  fragments  in  the  grits  are  mainly  of  quartz,  but  in  some 
of  the  slides  felspar,  both  twinned  and  untwinned,  is  fairly  abundant. 
The  bits  of  schist  referred  to  by  Prof.  Bonney  are  rare,  but  flakes 
of  a  clear  minutely  granular  rock  are  scattered  here  and  there.  The 
quartz  is  usually  angular,  and  the  felspar-crystals  are  rarely,  if 
ever,  unbroken.  The  shaly  seams  in  the  grits,  as  well  as  the  Bhos- 
beirio  Shales,  often  contain  fragments  of  quartz  and  felspar,  but 
they  are  usually  very  minute. 

*  Quart.  Joum.  CKh)L  Soc.  vol.  xxxvii  (1881)  pp.  232-234. 
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The  change  in  the  quartz  consists  chiefly  in  the  replacement  of 
the  angular  fragments  by  granular  particles  fitting  into  each  other 
with  foliate  interlocking  margins,  as  in  a  normal  schist.  This 
alteration  sometimes  takes  place,  even  where  there  are  but  slight 
traces  of  pressure.  The  particles  and  fragments  have  evidently 
been  softened  by  heat,  and  more  or  less  compressed,  the  angularities 
being  thus  obliterated,  and  the  grains  moulded  into  each  other  and 
welded  together.  This  change,  of  course,  implies  contact  between 
the  fragments.  Where  portions  of  the  matrix  remain  between 
them  the  welding  is  less  complete.  Sometimes  angular  particles  of 
dear  mineral  are  entirely  immersed  in  a  soft  matrix  of  mica  or 
chlorite,  and  still  retain  their  sharp  outlines  even  in  the  most  crys- 
talline of  the  schists.  This  feature  is  of  especial  interest,  since  it 
furnishes  us  with  evidence  of  an  original  clastic  structure  where 
we  do  not  usually  expect  to  find  it. 

In  places  were  the  rock  has  been  intensely  crushed  and  sheared, 
patches  of  fragmental  quartz  and  felspar  have  been  rolled  out  into 
distinct  folia,  sharply  differentiated  from  the  micaceous  and  chloritio 
matrix,  which  then  ceases  to  exist  qua  matrix,  and  becomes  a 
normal  constituent  in  a  true  foliated  schist. 

The  matrix,  even  in  the  least  altered  varieties  of  grit  and  shale, 
has  undergone  some  alteration.  It  consists  chiefly  of  a  green 
mineral  of  the  chlorite  family,  or  of  a  minute  felt-work  of  trans- 
parent mica,  or  of  a  mixture  of  the  two.  There  is  in  some  slides  a 
moderate  quantity  of  opaque  dusty  matter,  presumably  iron-oxide. 
Occasionally  epidote  is  present. 

The  progressive  change  in  the  chlorite  and  the  mica  takes  the 
form  of  enlargement.  The  streaks  and  blotches  of  the  former  grow 
larger;  the  ^ms  of  the  latter  become  laiger,  thicker,  and  more 
distinct,  polarizing  more  and  more  clearly  in  the  brilliant  colours  of 
a  white  mica. 

The  best  microscopic  specimens  for  the  study  of  this  question  are 
from  the  quarries  at  Pant-y-Glo.  Four  slides  have  been  cut.  In 
all  of  them  we  can  see  that  the  quartz  and  felspar  have  assumed  to 
a  greater  or  less  extent  the  mosaic  structure,  yet  all  the  slides 
display  distinct  traces  of  a  fragmental  origin,  wherever  the  matrix 
has  kept  the  clear  particles  from  touching  each  other.  These  are 
the  two  points  which  are  chiefly  kept  in  view  in  the  following 
descriprions. 

No.  450.* — More  than  three-fourths  of  this  slide  consists  of 
quartz.  Next  come,  in  the  order  of  their  abundance,  chlorite, 
epidote,  opacite,  and  felspar.  The  quartz  presents  the  chief  points 
of  interest.  Large  irregular  fragments  of  it  are  scattered  through- 
out the  specimen,  and  all  of  them  are  angular  and  well-defined, 
but  occasionally  they  pass,  at  one  side,  into  granular  aggregates. 
There  is  also  present  a  great  deal  of  minute  quartz  in  the  granular 
condition,  the  particles  interlocking  with  sinuate  contours,  forming 

'  THa  numbe<*i:}  nre  those  of  the  slides  pra«erved  in  my  cabinet. 
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aggregates  similar  to  those  just  noticed.  Mixed  up  with  the  chlorite 
and  other  interstitial  matter,  there  is  a  fair  proportion  of  quartz  in 
very  small  angular  fragments.  It  can  hardly  be  doubted  that  the 
minutely  granular  aggregates  consist  of  small  fragments  of  quarts 
and  a  Httle  felspar,  which  have  coalesced  under  the  influence  of 
heat  and  pressure;  while  the  angular  particles  embedded  in  the 
matrix  are  original  fragments  which  have  been  kept  asunder,  and 
protected  by  their  soft  environment.  The  pressure  to  which  this 
rock  has  been  subjected  has  been  comparatively  slight. 

No.  449. — This  slide  also  is  very  quartzose,  and  the  other  con- 
stituents are  similar,  except  that  a  little  white  mica  is  present,  and 

Fig.  1.— Schist  from  Pant-i^-Olo  (No,  U9\ 


[Alteration  partial;  quartz-fragmeiita  conspicuous,  8ome  of  them  tailing  off 
into  mosaic.  The  minute  quartz  is  often  coalescent  White  mica  (not 
fra^ental)  is  present  in  small  proportion.] 

there  is  less  epidotc.  This  rook  has  been  compressed  to  a  moderate 
degree,  so  that  a  distinct  schistosity  is  produced,  and  this  is  strongly 
accentuated  by  the  mica.  Many  of  the  larger  quartz-fragments  are 
still  quite  sharp  and  angular,  lying  for  the  most  part  with  their 
longer  axes  parallel  to  the  foliation  ;  but  some  of  them  have  appa- 
rently been  converted  into  granular  mosaic.  A  few  of  them  tail  off 
in  one  direction  into  mosaic,  as  if  the  thinner  end  of  the  fragment 
had  yielded  to  the  heat,  while  the  main  part  of  it  had  resisted. 
Minute  particles  of  quartz^  surrounded  by  matrix  are  still  angular. 
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No.  448. — Alteration  greater,  and  sohistosity  more  strongly 
markecL  Contortion  very  intense,  some  of  the  micaceous  folia  being 
twisted  and  sheared  again  and  again  within  the  length  of  ^  inch. 
The  quartz-seams  are  perfectly  granular.  Some  of  them  extend 
across  the  slide,  others  form  short  lenticles.  There  are  no  large 
fragments  in  this  specimen.  The  folia  between  the  quartzose  seams 
are  highly  micaceous  and  chloritic,  and  embedded  in  them  are 
numerous  minute  bits  of  quartz,  many  of  which  are  perfectly 
angular. 

Fig.  2.— Schist  from  Pant-y-Qh  (No,  448). 


X  45. 

[Alteration  more  adyanced.    A  '  folium '  of  chlorite,  white  mioa,  and  clastic 
quartz  is  seen  to  interyene  between  two  folia  of  quartz-moeaic.] 

No.  447.— Similar,  but  more  micaceous.  The  minute  quartz- 
fragments  are  much  less  abundant,  but  still  quite  evident.  (See 
fig.  3,  p.  380.) 

It  is  possible  that  the  granular  quartzose  aggregates  in  these 
slides  contain  some  felspar,  but  the  minuteness  of  the  particles 
renders  the  application  of  optical  tests  extremely  difficult.  Hardly 
any  fragmental  felspar  appears  in  the  more  schistose  varieties. 

I  am  not  prepared  to  offer  a  complete  theory  on  the  genesis  of  the 
metamorphism.  In  a  generalway,  itis  true  that  the  alteration 
has  proceeded  pari  passu  with  the  pressure.  The  most  highly- 
metamorphosed  varieties  of  schist  are  contorted  on  both  the  large 
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and  on  the  small  scale,  and  sheared  on  the  minute  scale.  Yet,  on 
the  other  hand,  one  of  the  slides  (450)  *  from  the  Pant-y-Glo  section 
is  hardly  compressed  at  all,  though  much  of  the  minute  quartz  has 
acquired  the  granular  structure.  It  is  true  that  the  bulk  of  the 
To6k  in  this  locality  is  contorted,  so  that  it  may  be  suggested  that 
the  heat  which  took  part  in  the  alteration  of  No.  450  was  generated 
by  mechanical  pressure.  But  this  explanation  will  not  cover  the 
whole  of  the  facts.  The  Rhosbcirio  Shales  exhibit  signs  of  only 
very  moderate  pressure,  yet  the  matrix  has  undergone  considerable 
alteration,  aud  some  of  the  minute  quartz  has  become  granulated. 

Fig.  S.^Schist  from  Pant-y-Oh  (No.  447). 


X  60. 

[Alteration  still  more  adyanoed.    A  few  angular  fragments  of  quarts  are 

visible,  however,  in  the  contorted  meshwork  of  chlorite  and  mica.] 

While,  therefore,  it  would  seem  that  mechanical  force  has  been 
concerned  in  producing  the  more  intense  metamorphism  of  the 
lower  part  of  the  series,  I  am  not  disposed  to  advance  this  as  the 
sole  cause  of  the  changes  produced.  This  uncertainty,  however, 
does  not  affect  my  main  thesis — that  the  Mynydd  Mechell  schists 
have  been  formed  by  the  metamorphism  of  rocks  which  were  at  one 
time  sedimentary  strata,  and  not  plutonic  masses. 

^  Prof.  Bonney  was  kind  enough  to  examine  some  of  the  principal  rock- 
sections  of  this  series,  and  he  expressed  his  eeaeral  agreement  with  my 
conclusions.  The  uncompressed  condition  of  No.  450  attracted  his  special 
attention,  and  led  him  to  suggest  extreme  caution  in  theorizing. 
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IV.  Summary. 

(1)  The  crystalline  schists  of  the  region  south-west  of  Amlwch 
have  heen  formed  out  of  grits  and  shales. 

(2)  The  metamorphism  is  chieiiy  seen  in  the  coalescence  of 
angular  fragments  of  quartz  and  fdspar  to  form  granular  mosaic, 
and  in  the  enlargement  of  the  chloritic  and  micaceous  tilms  con- 
stituting the  matrix  of  the  fragments. 

(3)  The  metamorphism  is  most  intense  where  the  rock  has  heen 
suhjected  to  the  greatest  pressure,  hut  it  has  proceeded  to  a  less 
advanced  phase  where  pressure  has  heen  apparently  wanting,  and 
the  causes  of  the  metamorphism  are  therefore  not  complet'Cly 
ascertained. 

Discussion. 

Prof.  Bonne Y  said  that  his  opinion,  expressed  to  the  Author,  was 
simply  founded  on  the  slices  sent  to  him,  for  he  did  not  know  the 
district ;  that  as  metamorphism  was  dependent  partly  on  the  com- 
position, partly  on  the  environment  of  rocks,  it  was  possible  that 
rocks  considerably  changed  might  occur  with  those  rocks  which  were 
slightly  metamorphosed.  At  the  same  time,  allowance  must  be  made 
for  the  illusory  eflfect  of  thrust- faults. 

Prof.  HuQHEs  said  that  he  had  many  years  ago  brought  before 
the  Society  reasons  for  believing  that  the  beds  now  described  by 
Dr.  Callaway  were  sedimentary  deposits  altered  by  crush.  In  the 
shaly  portions  differential  movements  between  the  particles  had 
produced  silky  slates.  In  the  gritty  portions,  where  the  rock  was 
of  an  unyielding  character,  the  grains,  which  were  only  minute 
pebbles,  indented  one  another.  Where  the  shaly  beds  were  thin 
and  were  contained  between  unyielding  rocks,  the  freedom  of  vertica 
or  other  compensation-movements  was  restricted,  and  puckering 
instead  of  cleavage  resulted.  He  thought  that  some  of  the  beds 
contained  much  volcanic  material  which  lent  itself  in  different 
manner  and  degree  to  metamorphism,  whether  that  was  due  chiefly 
to  pressure  or  partly  also  to  the  heat  evolved  by  the  movements. 
He  had  also  drawn  attention  to  the  fossils  which  were  found  in 
schists,  similar  in  character  to,  if  not  of  exactly  the  same  age  as, 
those  which  occurred  on  the  northern  coast  of  the  island. 

The  Author  said  that  he  could  not  agree  with  the  last  speaker 
that  slickensides  were  concerned  with  the  metamorphism,  or  that 
the  softer  rocks  were  more  highly  altered  than  the  harder — in 
fact,  it  was  the  more  gritty  bands  that  had  undergone  the  greatest 
change 
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29.  The  Cabbonifxboub  Lims8tonb  of  the  CouKTBr  around  Llandudno 
(NoBTH  Walbs).  By  G.  H.  Mobton,  Esq.,  F.G.8.  (Read  May 
4th,  1898.) 

I.  Gbeat  Obmb's  Hbad. 

Tbb  Carboniferous  Limestone,  and  the  subdivisions  into  which  it 
is  divided  in  North  Wales,  were  described  in  papers  read  before 
the  British  Association  and  the  Liverpool  Geological  Society  between 
the  years  1870  and  1898.  The  most  recent  paper  on  *The  Carbo- 
niferous Limestone  of  the  Vale  of  Clwyd,'  is  in  the  Proc.  L'pool 
Geol.  8oc.  vol.  viii,  1897-98.  It  contains  a  description  of  the  sub- 
divisions of  the  Limestone,  including  the  Purple  Sandstone,  which 
consists  of  a  series  of  sandstones  and  shales  described  by  Mr.  George 
Maw  in  1865  as  Permian/  and  more  recently  by  Mr.  Aubrey  Strahan 
in  1890  as  Coal  Measures.' 

The  following  table  shows  the  subdivisions  that  occur  in  the  Vale 
of  Clwyd,  and  in  two  other  areas  previously  described.  The  Purple 
Sandstone  is  shown  to  be  on  the  horizon  of  the  highest  subdivision  of 
the  Carboniferous  Limestone  in  Flintshire  and  Denbighshire : — 

Vale  of  Clwyd,  Prettatyn  and  Holt/well.        Mold  and  LianyolUn, 

Purple  Sandstone.  Upper  Black  Limestone.  Arenaceous  Limestone. 

Upper  Grey  Limestone.      Upper  Grey  Limestone.  ^P®*^  ^^J  Limeetone. 

Biiadle  White  Limestone.  Middle  White  Limestone.  MiadleWmte  Limestone. 

Lower  Brown  Limestone.    Lower  Brown  Limestone.  Lower  Brown  Limestone. 

Bed  Basement  Beds.  Bed  Basement  Beds.  Bed  Basement  Beds. 

The  Great  Orme's  Head  is  a  prominent  headland  on  the  sea- 
coast  of  Caernarvonshire.  It  is  separated  from  the  mainland  by 
an  isthmus  a  mile  in  width  and  about  20  feet  above  Ordnance 
datum,  and  must  have  formed  an  island  in  post-Glacial  times. 
Llandudno,  the  well-known  watering-place,  is  situated  on  the  south- 
east, and  principally  on  the  alluvial  land.  The  Head  is  2  miles 
in  length  from  east  to  west,  and  1  mile  from  north  to  south ;  it  is 
bounded  on  the  north  and  west  by  precipitous  cliffs,  which  rbe  from 
the  sea-level  to  an  elevation  of  200  or  300  feet.  Along  the  south- 
eastern side  there  is  a  fringe  of  Boulder  Clay,  but  the  limestone 
rises  with  a  steep  escarpment  at  50  or  100  yards  from  the  sea- 
margin.  On  the  terrace  of  drift  are  the  ruins  of  Gogarth  Abbey, 
about  50  feet  above  the  sea.  The  highest  point  is  close  to  the 
Telegraph,  679  feet  above  Ordnance  datum ;  St.  Tudno*s  Church, 
called  after  the  patron  saint  of  the  Head,  is  near  the  northern  cliff, 
and  is  332jJ  feet  above  sea-level.  At  the  extreme  north  is  the 
Lighthouse,  about  200  feet  in  elevation.  A  drive  has  been  con- 
structed all  round  the  Head,  varying  from  100  to  200  feet  above 
the  sea  along  the  face  of  the  cliff.     The  surface  on  the  top  of  the 

^  Rep.  Brit  Assoc.  (BVham)  1805,  p.  67;  G>k>1.  Ma<.  1865,  pp,  380  &  523. 
3  Mem.  Geol.  Surr.  18U0,  *Geoi.  of  Flint,  Mold.  &  Ruthin,'  p.^11. 
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Great  Orme's  Head  is  of  an  undulating  character,  and  the  limestone 
being  continuously  exposed  in  terraced  cliffs,  weathered  surfaces,  and 
quarries,  the  strata  may  be  examined  over  the  entire  extent  of  the 
headland. 

Mr.  Kobert  Hunt,  in  his  'British  Mining,'  1884,  states  that 
*  the  Romans  found  copper  in  the  Great  Orme's  Head,  and  worked 
it  extensively.  In  Llandudno,  when  digging  for  the  foundations  of 
buildings,  the  modem  excavators  have  come  upon  the  soil  of  the 
Eoman  level,  coloured  by  the  washings  of  the  ore.'  He  also  states 
that  implements  of  waterworn  stone,  horn,  and  bronze  have  been 
discovered  on  both  the  Great  Orme's  Head  and  at  Llandudno. 
Copper  seems  to  have  been  the  principal,  if  not  the  only  ore  obtained, 
but  the  work  was  discontinued  about  30  years  ago.  The  mines 
were  still  worked  in  1859,  for  in  that  year  I  obtained  specimens  of 
crystallized  cbalcopyrite  or  pearlspar  irom  the  miners.  According 
to  the  map  of  the  Geological  Survey,  there  are  four  north-and-south 
lodes  running  parallel  for  about  |  mile,  and  all  within  200  yards 
from  east  to  west.  Sir  A.  Bamsay  states  that  black  shales  were 
reached  in  the  old  mine- shafts,  and  possibly  belonged  to  the 
Llandeilo  or  Bala  Beds  beneath  the  limestone.^  This  may  have 
been  at  the  depth  of  400  or  50Q  feet,  but  the  position  of  the  shafts 
referred  to  is  now  unknown. 

There  is  no  plan  of  the  outcrop  of  the  lodes,  and  no  information 
as  to  the  workings  is  available  at  Llandudno.  The  only  such 
ground-plan  is  one  preserved  at  the  Home  Office,  and  it  shows  the 
four  lodes  running  exactly  north  and  south,  with  two  oross-veina 
striking  N.N.  W.  intersecting  and  heaving  the  older  veins  out  of  their 
course.  Another  cross-vein,  running  north-east,  does  not  disturb 
the  others,  and  they  are  all  shown  in  the  accompanying  reduced  copy  . 
(fig.  1,  p.  384)  from  a  tracing  of  the  original  |dan,  which  also  com- 
prises two  other  plans,  showing  the  heaving  of  the  veins  and  the 
distribution  of  the  ore.  I  am  indebted  to  Prof.  C.  Le  Neve  Foster, 
H3i.  Inspector  of  Mines,  who  resides  at  Llandudno,  for  facilities  in 
obtaining  access  to  the  plan  here  described. 

Mr.  Hunt's  description  of  the  veins  is  the  only  published  account, 
and  from  his  work  it  appears  that  they  were  alone  productive  in 
the  crystalline  rock,  and  always  associated  with  it,  but  the  term 
*  dolomite '  is  not  used.  The  crystalline  and  the  non-crystalline 
beds,  he  states,  alternate  with  much  regularity,  and  the  pn>ductive 
character  of  the  veins  changes  with  th^t  of  the  rock.  When  the 
four  principal  veins  are  crossed  by  others,  and  the  intersection  occurs 
in  the  crystalline  rock,  the  deposit  of  copper  pyrites  is  greatest.  The 
ore  occurs  all  through  the  crystalline  rock,  but  the  veins  can  scarcely 
be  traced  far  into  the  ordinary  limestone,  and  this  explains  the 
occurrence  of  so  many  trial-holes  which  do  not  seem  to  have  led  to 
any  profitable  result.  These  holes  were  evidentiy  sunk  along  the 
supposed  northern  prolongation  of  the  four  principal  lodes;  but 
although  the  limestone  is  often  exposed,  no  veins  or  fissures  are 

^  Hem.  G^l.  Surr.  vol.  iii,  *  GeoL  of  North  Wales/  2nd  ed.  (1881)  p.  306. 
Q.  J.G.8.  No.  215.  2  b 
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TiBible.  The  d^ris  from  the  old  shafts  oonsitt  principally  of  dolomite 
containing  pearlspar,  caldte,  oerosite,  chalcopyrite,  malachite,  and 
anthracite,  associated  with  green  carbonate  of  copper  impregnating 
the  dolomite  and  often  coating  the  crystals  of  chalcopyrite. 

There  are  very 
few  faults  in  the     Rg.  1. — Plan  of  lodei  at  Great  Ormi%  Head, 
limestone,      and 
they      seem     to 

have    had    little  %  /  | 

influence  on  the 
varying  dip  of  the 

strata.      To  any  i  /     /  •'  /  /I 

one  sailing  round  I  /    /  \/ 

the  Great  Orme's  *  i      I     V  /  i 

Head  the  general 
horixontality  of 
the  strata  is  re- 
markable, except  ^  .  ,y 
on  the  east,  where  ^  i  i. 
the  beds  are  seen 
to  bend  upwards 
at    an    angle  of 

30°,  and  expose  /     i\  /  \ 

the  lowest  in  the  /     /  \/  (j 

di&    about    the 
Happy  Valley,  the 
Pier     and     *^®      #       #       #§ 
higher  portion  ^^    /     /      /\  / j 

Llandudno,     and  ^       '      '    ^  '   ■ 

PenMorfaLodge.        /      /       \ 
Along  the  north- 
em  diff  the  beds     .g^^ .  ^  i^^^^jj^^^.  ^75  ^^^  f^^  ^^^^^^  ^bUque 
generaUy  dip    to  rein  ii  small,  and  bears  no  cooper,  but  has  the  effect 

the  east  at  angles  of  a  cross-course  on  the  norto-and-south  lodes.] 

of  from6*»tol0^ 

but  the  inclination  varies  with  the  undulation  of  the  strata,  and  the 
rocks  are  often  seen  to  dip  in  other  directions.  The  constant  ex- 
posure of  the  limestone  rendered  it  easy  to  work  out  the  subdivisions, 
and  to  show  the  area  of  each  on  the  map  of  Great  Orme's  Head 
(fig.  2,  p.  386).  Unfortunately,  the  actual  base  of  the  Carboniferous 
Limestone  is  not  exposed,  and  the  highest  beds  have  been  denuded. 
The  following  synopsis  shows  the  subdivisions  that  occur  and  the 
probable  thickness  of  each : — 

feet 

Upper  Gbbt  Limbrohb,  with  18  feet  of  shale  at  the  base 200 

fUpper  beds,  with  20  feet  of  1  ^^^^ 
j  rubble  and  shale  at  the  base. /^^ 

HiDDLB  White  LiiffB8T0EE<  ? 550 

I  Lower  beds,  with  7  feet  of  1  or^  I 
I     black  shale  at  the  base.     /  ^°^i 

LowEE  Bbowk  L1MB8TOKE  or  Dolomite  400 

1150 
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Compared  with  the  CarboniferouD  Limestone  for  50  miles  to  the 
south-east  this  section  is  remarkable,  for  with  the  exception  of  the 
outcrop  of  Little  Orme's  Head  the  Lower  Brown  Limestone  is  not 
composed  of  dolomite,  either  about  Llandulas,  the  Vale  of  Clwyd, 
or  in  the  country  around  Holywell,  Mold,  and  Llangollen.  There  is 
no  indication  of  the  Red  Basement  Beds  around  Llandudno,  although 
they  are  well  exposed  near  Llandulas  and  in  Anglesey. 

The  highest  beds  of  the  Upper  Grey  Limestone  at  the  top  of  the 
Head  have  been  denuded,  and  there  is  no  trace  of  the  succeeding 
Upper  Black  Limestone  of  Prestatyn,  or  of  the  Purple  Sandstone  of 
the  Vale  of  Clwyd,  both  of  which  are  on  about  the  same  horizon. 

(1)  Lower  Brown  Limestone. 

Although  I  have  not  been  able  to  find  the  base  of  the  limestone 
anywhere  about  Llandudno,  Mr.  H.  G.  Beasley  happened  to  see  an 
excavation  for  the  foundation  of  a  house,  on  tiie  north  side  of 
Chapel  Walks,  in  April  1886,  and  he  recorded  the  following  section 
of  the  beds,  which  dipped  to  the  north-west : — 

Section  at  Llandudno  ^ 

Thin  sandy  beds  alternating  with  limestone  3  to  4 

Soft  caloareoos  sandstone,  with  plant-stem    1 

Fine-erained  limestone,  with  one  or  two  sabangular,  hard,  Uaok 

pebbles     1  to  2 

Bnocia  of  subangular  pebbles,  Tery  firmly  cemented  together— the 

upper  surface  of  the  bed  very  uneven 1 

Limestone   ? 

The  section  seems  to  have  been  on  the  south  side  of  the  supposed 
fault  running  W.N.W.  and  nearly  parallel  with  the  *■  Old  Eoad ' 
which  runs  up  the  hill  from  Llandudno.  As  no  such  section  occurs 
on  the  beach  about  the  Pier,  it  seems  certain  that  the  beds  that 
were  exposed  are  nearer  the  base  of  the  Lower  Brown  Limestone, 
and  that  they  may  have  been  brought  up  by  the  fault  just  mentioned. 
It  is  fortunate  that  the  observation  was  so  carefully  made,  as  there 
is  only  a  remote  chance  of  any  such  exposure  being  seen  again. 
Mr.  Beasley  found  the  following  fossils  in  the  excavation : — BeUe- 
rophon  sp.,  Productuis  Cora^  Spirifera  glabra^  and  Lepidodendron(?% 
and  they  were  submitted  to  me  for  determination.  Li  a  '  Gkdde  to 
Llandudno,'  by  John  Heywood  (undated),  it  is  stated  that  *  In  an 
old  quarry,  once  a  sea-beach,  at  the  foot  of  Great  Orme,  near 
Church  Widks,  Stigmaria  and  Lepidodendron  may  be  found  in  situ/ 
and  this  no  doubt  relates  to  the  same  exposure. 

The  Lower  Brown  Limestone  or  Dolomite  is  the  lowest  subdivision 
at  Great  Orme's  Head.  It  is  well  exposed  in  the  precipitous  diflfo 
above  Llandudno,  on  the  road  above  the  Pavilion  to  the  Happy 
Valley,  and  at  the  Flagstaff  100  yards  north  of  the  Lodge.  The  rock 
varies  from  a  coarse  to  a  fine-grained  dolomite,  which  in  many  places 
simulates  a  mass  of  coral,  and  there  are  frequent  drusy  cavities  con- 
taining crystals  of  pearlspar.  It  closely  resembles  the  Permian 
limestone  of  Sunderland,  and  is  of  the  same  massive  and  crystalline 
character. 
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The  following  analysis  was  kindly  made  for  me  by  Mr.  H.  Fairrie 
at  Dr.  George  Tate's  College  of  Chemistry,  Liverpool : — 

Per  cent. 

Lime 27-78 

Magnesia   22*88 

Lron  protoxide  (FeO) '48 

Iron  aeequioxide  (Fe^Og)     '59 

Silica -40 

Water     '^M 

Carbon  dioxide 47*23 

10(H)0 

From  the  above  the  percentage  of  the  carbonates  is  seen  to  be : — 

Carbonate  of  lime    49*60 

„  magnesia    47*95 

The  original  bedding  is  preserred,  but  there  is  little  or  no  shale 
between  the  beds.  Fossils  seldom  occur,  and  then  only  in  the 
upper  surface  of  the  beds,  but  at  the  bottom  of  the  wooden  steps 
down  to  the  beach,  just  beyond  the  Pier,  are  two  or  three  beds  of 
limestone,  interstratified  with  the  dolomite,  containing  Syringopora 
ramulosa  and  the  stems  of  encrinites.  These  are  some  of  the 
lowest  visible  beds,  and  they  dip  25°  W.N.W.,  but  those  described 
as  occurring  at  Chapel  Walks  must  be  under  them.  On  the  high 
ground  above  the  Happy  Valley  the  dip  is  18°  W.,  and  on  the  Old 
Eoad,  near  Eenrick's  Museum,  it  varies  from  26°  to  22°,  and 
finally  is  16°  W.,  where  it  is  covered  by  the  succeeding  subdivision 

The  thickness  of  the  Lower  Brown  Limestone  is  about  400  feet 
between  the  Old  Road  and  the  Happy  Valley,  and  it  is  succeeded 
by  a  grey  shale  and  black  limestone  at  the  base  of  the  Middle 
White  Limestone.  The  shale  is  a  well-defined  horizon  separating 
the  two  subdivisions,  but  farther  south-west  the  dolomitization  of  the 
limestone  has  ascended  and  altered  the  lower  beds  of  Middle  White 
Limestone,  as  may  be  seen  about  Fen  Morfa  Lodge,  and  along  the 
Old  Bead  fix)m  Llandudno  to  Roft  Fach,  where  the  shale  is  absent 
and  the  dolomite  and  limestone  alternate,  the  beds  often  changing 
horizontally  from  one  rock  into  the  other. 

The  Lower  Brown  Limestone  has  been  extensively  converted  into 
dolomite  after  it-s  original  deposition.  This  is  proved  by  the 
irregular  horizon  of  the  dolomitic  rock  about  its  upper  limits,  and 
its  occurrence  in  lenticular  masses  in  the  two  overlying  subdivisions. 
It  forms  the  filling  of  faults  and  string-courses  in  the  limestone, 
and  has  evidently  been  altered  long  after  the  deposition  and  dis- 
location of  the  strata.  The  dolomite  is  intimately  connected  with 
the  mineral  veins,  for  on  ascending  from  Llandudno  by  the  Old 
Bead  that  rock  on  the  south-west  extends  nearly  |  mUe  farther 
than  on  the  north-east  side,  and  suggests  the  occurrence  of  a  con- 
siderable rather  than  an  insignificant  fSault.  The  upthrow  side  of 
the  fault  is  exposed  south  of  a  cottage  at  Roft  Fach,  where  the 
striated  surface  hades  58°  N.,  but  the  fault  does  not  extend  much 
farther  up  the  hill  where  the  limestone  is  continuously  exposed. 
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No  doubt  the  limestone  on  the  south-west  has  been  dolomitized  by 
water  containing  magnesium  carbonate,  percolating  through  the 
strata  from  the  fault  or  fracture  supposed  to  run  up  the  valley ; 
but  for  some  unknown  cause  it  did  not  alter  the  limestone  on  the 
north-east  side. 

A  few  sectioDS  of  the  Middle  White  Limestone  and  Dolomite, 
from  near  Pen  Morfa  Lodge,  were  prepared  for  the  microscope  by 
Mr.  Beadey,  and  proved  to  be  either  limestone  with  foraminifera 
or  crystalline  dolomite.  None  of  them  showed  an  intermediate 
oondition  or  a  passage  from  one  rock  into  the  other. 

(2)  Middle  White  Limestone. 

The  Middle  White  Limestone  rests  upon  the  Lower  Brown  lime- 
stone, and  is  exposed  over  most  of  the  Great  Orme's  Head.  The 
clearest  exposure  of  the  lowest  beds  is  between  the  Old  Koad  and 
the  Flagstaff  quarry,  north  of  the  Pavilion,  where  the  bed  of  shale, 
7  feet  ti^ck,  is  the  base  and  separates  the  two  subdivisions.  Above 
the  shale  there  is  a  black  limestone,  about  18  feet  in  thickness, 
forming  a  conspicuous  horizon  along  which  the  rock  has  been 
obtained  for  building  purposes,  on  account  of  its  occurrence  in 
regular  beds  from  6  inches  to  2  feet  thick,  with  an  inch  or  two  of 
shale  between  them,  allowing  the  stone  to  be  easily  worked.  About 
50  years  ago  the  lofty  cliffs  were  undercjuarried,  until  the  obvious 
danger  of  the  town  being  buried  under  a  great  fall  of  rock  prevented 
further  excavation. 

The  Middle  White  Limestone  forms  the  main  mass  of  the  head- 
land, and  is  about  550  feet  in  thickness.  (In  sailing  round  the 
ooast  the  overlying  subdivision  can  be  scarcely  seen,  while  the 
underlying  subdivision  occurs  only  in  the  cliffs  about  Llandudno 
and  the  lower  part  of  the  Happy  Valley.)  It  is  exposed  in  the 
massive  beds  forming  the  cliffy  above  and  below  the  Marine  Drive, 
where  it  nearly  resembles  the  subdivision  in  other  localities ;  it  is  of 
a  light  grey  colour,  though  occasionally  of  a  darker  shade.  The 
limestone  contains  very  few  partings  ol  shale,  some  beds  of  red  marl 
on  both  sides  of  the  Old  Eoad  being  exceptional.  Near  Pen  Trwyn, 
west  uf  the  Drive,  there  is  a  conspicuous  bahd  of  rubble  and  con- 
cretionary marl  which  separates  the  Middle  White  Limestone  into 
a  lower  and  an  upper  portion  of  nearly  equal  thickness,  for  a  mile 
along  the  coast  and  inland  to  Eoft  Fach.  This  divisional  line  has 
been  introduced  in  the  map  (fig.  2,  p.  386),  though  it  is  difficult  to 
define  its  exact  horizon  along  the  western  side  of  the  Head.  There 
are,  however,  occasional  concretionary  beds  about  the  north-western 
exposures  of  the  limestone,  and  at  the  Lighthouse,  at  about  the 
same  horizon.  The  concretionary  band  at  Pen  Trwyn  consists  of 
red  and  yeUow  beds  of  marl  and  rubble  6  feet  thick,  with  thin  beds 
of  limestone  and  a  higher  bed  of  marl,  altogether  about  20  feet 
thick,  extending  |  mile  ^ong  the  side  of  the  Drive ;  and,  as  the  lime- 
stone rises  to  the  south,  the  marl  and  rubble  cause  a  grass- covered 
slope  round  the  precipitous  crest  of  the  cliffs  above  the  Happy  Valley. 
At  Eoft  Fach  the  concretionary  band  of  rubble  and  thin-bedded 
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limeetone  is  only  10  feet  thick,  ond  it  cannot  be  traced  farther  west. 
Lenticular  beds  of  dolomite  occur  in  the  limestone  south-west  of 
St.  Tudno's  Church,  and  in  the  steep  cli£Gi  above  Gogarth,  while 
south-west  of  the  Head  there  are  beds  and  dykes  of  dolomite  along 
the  side  of  the  road  ;  but  chert  is  rare  in  the  subdivision,  if  it  be 
found  at  all. 

About  20  feet  from  the  top  of  the  Middle  White  Limestone  there 
are  some  beds  of  sandstone  exposed  in  the  large  quarry  west  of 
Boft  Fach.  The  sandstone  is  of  irregular  thickness,  varying  from 
10  to  20  feet ;  it  changes  from  a  soft  sandstone  into  a  very  hard 
arenaceous  limestone,  and  contains  occasional  small  quart^pebbles. 
In  colour  it  varies  from  white  to  red,  though  princiiMdly  of  a  grey 
shade.  This  rock  is  on  about  the  same  horison  as  the  sandstone- 
conglomerate  in  Anglesey. 

Although  the  base  of  the  Middle  Limestone  is  well  defined  by  the 
bed  of  shale  already  described,  and  rests  on  massive  beds  of  dolomite 
representing  the  Lower  Brown  Limestone  in  the  Happy  Valley,  it 
is  difficult  to  trace  it  farther  west  than  the  Old  Eoad,  in  con- 
sequence of  the  conversion  of  its  lower  half  into  dolomite,  as  shown 
in  the  map  (fig.  2,  p.  386).  The  upper  limit  of  the  change  is 
well  seen  in  a  section  along  the  south  side  of  a  short  road  from 
Boft  Fach.  It  exposes  dolomite  with  limestone  over  it,  string- 
courses of  dolomite  with  limestone  on  the  north  and  dolomite  on  the 
south  side,  and  in  another  place  a  cluster  of  such  strings  of  dolomite 
including  fragments  of  unaltered  limestone.  The  section  seems  to 
afford  positive  proof  that  the  whole  of  the  rock  was  originally 
limestone,  and  that  long  after  its  deposition  it  was  converted  into 
dolomite.  It  is  also  remarkable  that  the  dark  and  more  impure 
Umestone  was  more  readily  changed  than  the  white  limestone,  for 
the  alteration  is  limited  for  the  most  part  to  the  Lower  Brown 
Limestone,  the  dark  beds  at  the  base  of  the  Middle  White,  and  to 
portions  of  the  Upper  Grey  Limestone.  At  Pen  Morfa  Lodge  the 
clifiis  present  lofty  masses*  of  dolomite,  while  fiarther  along  the 
Marine  Drive  beds  of  limestone  are  interstratified  with  it,  and 
finally  the  dolomite  ceases  to  occur. 

The  lodes  and  faults  shown  on  the  map  are  not  distinguished 
from  each  other,  for  several  of  them  are  dislocations  of  the  strata 
that  have  been  worked  for  ore.  The  four  parallel  lodes  may  be 
faults,  but  there  is  no  proof  of  such  a  condusion :  it  seems  pro- 
bable that  they  were  fissures  which  originated  with  the  bending  of 
the  strata,  and  that  they  formed  channels  for  conveying  water 
containing  magnesium  carbonate,  which  altered  the  limestone  along 
their  boundary-walls,  sometimes  for  a  considerable  distance.  Pearl- 
spar,  copper-pyrites,  and  other  minerals  were  afterwards  deposited 
in  tiie  open  fissures,  principally  in  the  dolomitized  portions  and 
about  the  intersections  of  the  veins.  From  an  examination  of 
specimens  collected  from  the  old  mine-heaps  it  seems  that  the 
crystals  of  pearlspar  were  always  deposited  first,  then  usually  the 
cludcopyrite,  and  finally  the  caldte.  The  anthradte  was  probably 
introduced  as  a  liquid  bitumen,  which  afterwards  lost  its  volatile 
hydrocarbon  constituents. 
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A  list  of  the  fossils  found  in  the  Middle  White  Limestone  is  appended 
(see  pp.  392-393).  They  were  all  found  in  the  7  feet  of  black  shale 
at  the  base,  or  in  the  limestone  within  20  feet  above  it,  with  the 
exception  of  Bdlerophon  cotiaius^  Edmondia  sulcata^  and  CythereUa 
cequalisy  obtained  from  about  the  middle  of  the  subdivision. 


(3)  Upper  Grey  Limestone. 

The  Upper  Grey  Limestone  is  the  highest  subdivision  of  tiie 
Carboniferous  Limestone.  It  occurs  on  the  top  of  Great  Orme's 
Head,  occupying  an  elliptical  area  of  about  a  mile  from  east  to  west, 
and  half  that  from  north  to  south.  It  covers  a  depression  in  the 
Middle  White  Limestone,  and  has  a  general  dip  towards  the  centre. 
The  base  on  the  south-east  is  a  thick  bed  of  grey  shale,  clearly 
exposed  at  the  top  of  the  *  Old  Eoad '  from  Llandudno,  about 
450  feet  above  Ordnance  datum,  and  the  following  is  a  section  of 
the  beds :  these  dip  about  10°  N.W.,  but  they  are  well  exposed  only 
on  the  strike : — 

Ft  In. 

Thin  limestone  1     6 

Grey  shale «    0 

Impure  limestone 2    0 

Grey  shale 9    0 

18    6 


Fossils  are  numerous  in  the  shale,  and  include  Orihis  Michelini^ 
Producius  gigarUeus^  Pr.  longispimis,  Spirifera  bisulcata^  Sp.  lineata, 
and  TerebratvJa  Juutata,  The  shale  may  be  traced  along  the  sur- 
face of  the  ground  for  about  100  yards  to  the  westward,  where  it 
becomes  covered  with  debris  from  the  old  mines ;  but  it  does  not 
seem  to  be  at  the  base  of  the  subdivision  for  a  much  greater  dis- 
tance. In  the  absence  of  the  thick  shale,  the  lowest  strata  consist 
of  thinly-bedded  black  limestone  in  bands  about  a  foot  in  thickness, 
interstratified  with  black  shale  from  9  to  12  inches  thick,  both 
being  well  exposed  in  a  series  of  quarries  300  yards  south  of  the 
Telegraph.  Along  the  outcrop  of  the  lowest  beds  in  other  places 
the  Upper  Grey  Limestone  consists  of  thin  beds  of  black  limestone 
with  little  shale  between  them.  The  limestone  worked  in  the 
quarries  is  about  40  feet  thick,  and  is  taken  down  to  Llandudno  and 
used  for  rough  building  purposes,  instead  of  that  formerly  obtained 
from  the  base  of  the  Middle  White  Limestone,  which  it  resembles. 
The  dip  of  the  beds  is  15°  N.,  and  the  limestone  is  crowded  with 
Froductus  giganteu8^  thousands  of  which  may  be  seen  of  all  sizes, 
while  in  the  shale  Fr,  margaritaceus,  a  rare  species  in  other  localities, 
is  very  abundant.  Many  other  fossils  occur :  these  are  tabulated  in 
the  appended  list,  pp.  392, 393.  Athyris  ambigua  is  a  rare  variety 
figured  by  Davidson.* 

^  Suppl. '  Garb.  Brachiopoda,'  Monogr.  Palftont.  Soo.  p.  283,  pi.  xxxiv,  figs.  10 
&  11. 
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The  limestone  fonning  the  ridge  (on  which  the  Telegraph  stands) 
a  little  to  the  north  of  the  qnarries  is  on  the  opposite  side  of  the 
fault  and  lode  shown  on  the  map.  This  fault  is  the  axis  of  a 
synclinal,  for  the  beds  in  the  ridge  dip  2(f  south,  and  are  higher 
than  those  exposed  in  the  quarries.  The  limestone  occurs  in  thicker 
beds,  and  contains  pink  sandy  shales,  while  those  of  the  usual  black 
colour  are  less  frequent.  In  many  places  it  has  been  altered  into 
dolomite,  while  in  others  it  retains  its  ordinary  appearance,  and 
contains  the  usual  fossils,  the  most  common  being  Productus  gi- 
gaiiUus,  The  dolomite  occurs  in  irregular  beds,  lenticular  masses, 
dykes,  and  veins,  and  the  alteration  seems  confined  to  the  limestone 
in  the  Tidnity  of  the  lodes.  Chert  is  of  common  occurrence,  filling 
fissures,  and  forming  concretions  around  Produettu  giganUus,  The 
chert  is  most  conspicuous  near  mineral  veins,  but  it  does  not  occur 
in  anything  like  such  large  masses  as  the  dolomite. 

There  is  another  fault  about  100  yards  north  of  the  Telegraph, 
running  nearly  due  east  and  west,  as  shown  in  the  map  (fig.  2,  p.  386). 
It  is  evidently  a  mineral  vein,  and  must  have  been  worked  many 
years  ago,  for  there  are  traces  of  buildings,  washing-floors,  and 
excavations  along  its  course.  South  of  the  fault  on  the  upcast  side 
there  is  a  cliff  nearly  40  feet  high,  and  a  more  gradual  ascent  for 
100  feet  higher  to  the  site  of  the  Telegraph.  The  limestone  forming 
the  cliff  occurs  in  thick  beds,  dips  32^  W.N.W.,  is  much  weathered, 
and  traversed  by  several  fissures  which  seem  to  have  been  excavated 
by  miners  in  search  of  ore.  North  of  the  fault  the  lower  beds  of  the 
subdivision  occur,  and  there  are  indications  of  the  Middle  White 
Limestone  cropping  up  along  that  side  of  the  fault. 

The  thickness  of  the  Upper  Grey  Limestone  is  estimated  at  about 
200  feet  on  Great  Orme's  Head,  the  highest  beds  having  been 
denuded.  It  was  found  impossible,  however,  to  measure  this 
limestone  exactly,  on  account  of  its  occurrence  in  the  depression 
described,  and  the  uncertain  infiuence  of  the  faults  and  lodes  which 
could  not  be  separately  indicated  on  the  map. 

II.   LiTTLB  OrMB's  HsAB. 

The  Carboniferous  Limestone  forms  Little  Orme's  Head,  and 
embraces  an  area  of  about  4  square  miles,  being  double  that  of 
Great  Orme's  Head.  It  forms  two  distinct  ranges  of  hills,  that  on 
the  north  extending  from  Eglwys  Rhos  to  the  sea,  2  miles  by  |  mile, 
including  Little  Orme's  Head  proper,  the  greatest  elevation  being 
about  400  feet.  The  southern  range  extends  3  miles  from  Bod-y^ 
Bgallen  to  the  sea,  and  includes  Bryn  Dinarth,  a  bill  400  feet  high, 
which  is  separated  from  the  main  mass  of  the  range  by  a  narrow 
alluvial  valley.  These  two  ranges  of  hills  afford  very  similar  ex- 
posures of  the  Lower  Brown  Limestone,  more  or  less  converted 
into  irregular  beds  of  dolomite,  with  the  Middle  White  Limestone 
resting  upon  it,  but  without  a  trace  of  the  Upper  Grey  Lime- 
stone, all  of  which  has  been  denuded  away.  The  most  important 
geological  feature  is  that  the  limestone  of  the  northern  range  dips 
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List  of  Fonsiutt  raoM  thr  Cabbohvbbous  Limmtobb 
KB4B  Llandudno. 


O.  =  Oo0MtOIlAl. 


O.=0onimon. 
V.O.sVery  oommon. 


Aotmoceras  giganteum,  Sow. 
OrtkoceraaJU^mm,  PhiU. ... 


ft         •?•  

iSMmooAn/tM  tp 

BeiUropkim  cotiahu,  Phia 

BD. 

Euomphalut  Dicnyna,  Goldf. 

„  pentanculaius,  Sow. 

£tfiM<m<^  «i<2(;a^  PhilL 

Prnnafiabelliformia,  BCart. 

Mhyris  ambigua^  Sow 

,,      ftraaiMa,  PhilL    

,,      planomdoata^VhAM 

Ckon^tea  papUumtieea,  PhiU.  

,,       Xir(2r«wt8,  PhilL      

OrMis  Michdini,  UveiUd  

„      ffMfptiMi/a,  BCart 

Prwluctus  Cora,  D*Orb. 

„         oomoide$ 

„         fifiUnriaius,  8oyf 

„         giganteus,  MbtU 

,,         iki^iMtmiw,  Sow 

,,         Umgispinus^  Sow , 

„         margaritaceus,  Phill... 

„         Martini^  Sow 

„         frincep^WOoy 

,,         inmc^o^,  Mart 

„  temireticuUUtUj  Mart. 
Bkpnchonella  acuminata^  Biart.  .. 
Bpirifera  biauleaUi,  Sow 

„        dupUcicoatct,  PhiU.  

,,        glabra^  Mart 

„        arandicostat(L,  M'Ooj.. 

„        ItntmeroBO^  PhiU 

„        lineata^  Mart 

„        ro^ttftiia^  Sow 

,,        f^rioto,  Mart.  

,,        triangularu.ldiat, 

Spiriferina  laminaaa,  M*Ooy 


B. 
C. 


B. 
R. 

b! 

O. 
B. 
C. 

C. 

a 

c. 
(3.* 


o. 
c. 


B. 

o. 

B. 
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p 

1 

13 
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P 

B. 

B. 

... 

B. 

B. 

B. 

0. 

B. 

... 

B. 

B. 

o.» 

0. 

0. 

0. 

0. 

6. 

B. 

0. 

0. 

0. 

0. 

V.O. 

... 

0. 

C. 

... 

V.O. 

0. 

B. 

0. 

0. 

0. 

C. 

0.. 

0. 

C. 

0. 

0. 

C. 

B. 

B. 

0. 

0. 

0. 

B.» 

B.» 

*  Species  obtained  from  a  i maU  quarrj  400  yards  to  the  north-east 
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List  of  Fossils  (conHnued), 


I 

6 


3 


^1 

ll 


•15 

s 


e 
■a 

I 
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8trtptorhifneh%$  ermUstria^  Phill 

Tertbratma  Mingmm^  Tih'f 

„  naatatOf  Sow 

FenesteUaplebeia,UVoj 

Rkabdomeson  gracile,  FhilL    

Bairdia  pltbeta.'ReuBa 

CvthereUa<equalii,J,kK 

GriffithideBmniti^eru$,V\viXL 

Leperditia  Okeni^  Wonal,    

SelrptUitea  carbonarius,  M'Oojr    

Alveolites  BfptoMj  Flem 

ChaMes  tumidus.  Phill 

CyathopkyUum  ShUchhuryi,  M.-Bdw. 
LUkottrotion  irregulare,  M*Oo}r 

„  3far6'iit,  M.-Edw 

„         StCoyanum,  M.-Edw.  ... 

Port focH  M..Bdw 

Lonsdaieia  duplioata,  Mart 

Syringopora  yemoukUa,  FhilL    

,,  ramuloaa,  Ooldi. 

ZapkretUu  EimiskiUeni,  M.-Bdw.  k  H. 

Endothyra  amnumaides,  Brhdy  

,,         Bawmani,  FiulL    

NodouneUa  tp. 


R. 
R. 

R^ 
R. 
R. 
R. 

6! 

(3! 


O. 
O. 
C. 
O. 
O. 
0. 
0. 
C. 


O. 


C. 
C. 
C. 


R. 
R. 

R. 


R. 
O. 
O. 
O. 
O. 
O. 


0. 
0. 


Nearlj  all  the  oommou  and  Torj  oommon  tpeciM  found  in  the  Middle  White 
Limestone  ooour  in  the  Upper  Qtrtsj  Limestone,  and  at  with  few  exoeptioni  they 
are  from  near  the  base  of  the  subdiTision,  there  is  a  difference  in  the  borisim  of 
500  feeU  Most  of  those  at  Great  Orme's  Head  were  found  in  the  black  shale 
at  the  base,  and  it  seems  that  the  occurrence  of  particular  species  depends  more 
on  the  lithological  character  of  the  beds  than  on  the  horiion  at  which  thej 
occur.  The  relatire  number  in  which  each  species  occurs  refers  to  the  Llan- 
dudno area  sJone. 

south-east,  while  that  of  the  southern  dips  north-west  towards  the 
intervening  vallej  of  Crenddyn,  coloured  as  Millstone  Grit  on  the 
Oeological  Survey  map.  As  the  valley  is  a  synclinal  2  miles  long 
and  nearly  a  mile  wide,  the  Upper  Grey  Limestone  might  be  expected 
to  occur  in  it,  but  that  subdivision  has  not  been  found. 

South-east  of  Eglwys  Rhos  there  is  a  very  confined  area  of 
red  and  yellow  sandstone  about  Bod-y-Sgallen,  resembling  the 
Purple  Sandstone  of  the  Vale  of  Clwyd,  though  partly  coloured  as 
limestone  and  partly  as  Millstone  Grit  on  the  Geological  Survey 
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map.    The  names  of  all  the  places  to  which  reference  is  made  are 
derived  from  the  6-inch  Ordnance  map. 

The  most  important  exposure  of  the  Carhoniferous  Limestone  on 
Little  Orme's  Head  is  along  the  north-western  escarpment  of  the 
northern  range,  visihle  from  the  parade  and  the  rising  ground  above 
Llandudno.  Two  large  quarries  are  prominent  on  the  steep  slope 
of  the  hill  at  Nant-y-(}ammer,  and  both  are  worked  in  the  Low» 
Brown  Limestone,  while  the  ridges  along  the  top  are  formed  of  the 
lower  beds  of  the  Middle  White  Limestone.  The  limestone  of  both 
subdivisions  dips  about  15°  south-east. 

The  base  of  the  Lower  Brown  Limestone  is  not  exposed, 
but  the  Caradoc  or  Bala  Beds  are  seen  about  |-  mile  to  the  south- 
west, and  no  doubt  occur  much  nearer  the  bottom  of  the  hilL 
The  limestone  is  exposed  in  an  excavation  below  the  lowest  of  the 
two  quarries,  and  exhibits  the  waterwom  sides  of  a  large  cavern 
or  swallow-hole  about  35  yards  across,  from  which  the  roof  has 
been  excavated  during  quarrying  or  mining  operations.  The  rock 
occurs  in  thick  beds,  and  must  be  at  or  very  near  the  base  of  the 
Lower  Brown  Limestone.  In  the  quarries  higher  up,  the  limestone 
occurs  in  much  thinner  beds,  these  being  only  from  3  to  9  inches 
thick  about  the  floor  of  the  upper  one,  but  thicker  towards  the  top. 

In  the  upper  quarry,  where  the  limestone  is  60  or  70  feet  thidk, 
a  large  portion  has  been  converted  into  dolomite  in  a  very  irregular 
manner.  In  some  places  the  dolomite  occurs  in  patches,  and  in 
other  instances  in  beds  which  alternate  with  the  limestone.  A  bed 
of  limestone  often  runs  against  a  fault  or  joint,  on  the  other  side  of 
which  it  has  been  converted  into  dolomite.  About  the  top  of  the 
quarry  the  dolomite  is  from  10  to  20  feet  thick,  but  the  thickness 
varies  continuously  throughout  the  exposure.  Immediately  north 
of  these  quarries  a  small  one  is  worked  in  the  limestone  on  the 
roadside,  and  a  fault  or  fissure  about  5  feet  in  breadth,  running 
north-west  or  north-north-west  through  it,  contains  a  filling  of 
dolomite,  thus  proving  that  the  alteration  occurred  after  the  limestone 
had  been  faulted  and  thrown  into  its  present  position. 

The  colour  of  the  Lower  Brown  Limestone  is  dark  grey,  but  it  is 
often  partially  stained  dark  red,  and  is  thus  easily  recognized  in 
walls  about  the  south  of  Llandudno.  The  dolomite  is  of  a  yellow 
or  buff  colour,  and  is  used  for  rough  building-purposes,  rockeries, 
and  road-metal.  No  fossils  were  seen  in  either  the  limestone  or 
the  dolomite,  which  weathers  to  a  brown  colour,  resembles  sand- 
stone in  texture,  and  disintegrates  rapidly.  The  thickness  of  the 
subdivision  is  about  250  feet.  Half  a  mile  east,  the  Lower  Brown 
Limestone  is  again  exposed  at  the  bottom  of  Mynydd  Fentre  with 
the  succeeding  subdivision  over  it. 

The  Middle  White  Limestone  occurs  above  the  Lower 
Brown  Limestone  along  the  crest  of  the  hill  at  Nant-y-Garamer, 
and  dips  to  the  south-east.  It  is  well  exposed  above  Bodafon  and 
at  the  *'  Old  Tower,'  where  the  surface  begins  to  descend  with  the 
dip,  and  the  eroded  beds  occur  over  a  considerable  area.     Lower 
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down,  the  limestone  is  covered  with  plantations  and  fields  as  it 
reaches  the  valley  helow.  It  continues  along  the  strike  and  forms 
the  terraced  hill  of  Mynydd  Pentre,  where  the  exposures  are  con- 
tinuous, and  the  general  dip  about  20^  to  the  south-east.  On  the 
north  there  is  a  depression  of  the  sur^Eice,  traversed  hy  an  important 
fault  between  Mynydd  Pentre  and  Little  Orme^s  Head,  and  running 
north-west  and  south-east.  The  Middle  White  Limestone  then  rises 
again,  and  forms  the  bold  and  precipitous  headland  400  feet  above 
the  sea.  The  occurrence  of  the  fault  is  evident,  as  the  elevation 
of  the  base  of  the  Lower  Brown  Limestone  is  300  or  400  feet  higher 
at  Mynydd  Pentre  than  it  would  have  been  in  the  absence  of  a 
&ult. 

A  large  quarry  has  been  opened  in  recent  years,  by  the  Little 
Orme's  Head  Limestone  Company,  along  the  100-foot  contour-line 
on  the  north-eastern  coast  of  the  headland.  The  mural  face  of  the 
quarry  is  along  the  dip-slope,  and  from  80  to  120  feet  in  elevation, 
with  a  dip  of  from  20°  to  25''  B.S.E.,  but  the  bedding  of  the  massive 
limestone  is  somewhat  obscure  and  varies  in  different  places.  The 
section  towards  the  southern  end  of  the  quarry  shows  two  faults,  one 
of  which  has  fractured  a  bed  of  dolomite,  and  the  other  has  thrown 
up  a  bed  of  brecciated  conglomerate.  The  dolomite  is  14  feet 
thick,  and  the  conglomerate  7  feet ;  the  latter  contains  quartzite- 
pebbles.  It  must  be  below  the  dolomite,  and  probably  near  the 
base  of  the  subdivision.  The  two  faults  run  nearly  due  east  and 
west,  the  principal  one  throwing  up  the  conglomerate-bed  at  least 
100  feet  to  the  north.  Quartzite-pebbles  have  been  dragged  down 
the  fault,  and  are  mixed  up  with  the  limestone-breccia,  which  also 
contains  hard  grit,  sandstone,  and  red  shale. 


Fig.  3. — Quarry  at  Little  Ormes  Head^  in  the  Middle  Wliite 
Limestone. 


About  70  Yards  between  Faults 

Mtmaint  of 


SO  Yarde 


45  Yards 


60  Yards 


The  dislocation  of  the  dolomite  by  the  small  fault  is  remarkable, 
but,  as  the  throw  is  only  9  feet,  this  fracture  may  be  more  recent 
than  the  general  faulting  of  the  Carboniferous  Limestone.  It  is, 
however,  quite  possible  that  the  dolomitiiation  may  have  occurred 
along  the  bed  after  it  was  fractured.  The  bed  probably  possessed 
some  affinity  for  the  magnesium  carbonate,  a  condition  that  might 
be  expected  on  both  sides  of  the  fault.  The  dolomite  is  coarse- 
grained on  one  side  of  the  fault,  and  fine-grained  on  the  other. 
Mr.  Bobert  Storey,  the  manager  of  the  quarry,  informed  me  that 
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when  the  cliff-side  was  first  worked  no  dolomite  was  observed,  bnt 
that  it  was  penetrated  afterwards.  On  ezcayating  12  feet  through 
the  dolomite,  the  bed  was  found  to  change  at  a  joint  into  ordinary 
limestone ;  while  beneath,  the  rock  is  darker  than  anywhere  else 
in  the  qnarry,  as  shown  in  the  section  (fig.  3,  p.  395). 

The  following  analysis  of  the  white  limestone  in  the  quarry 
shows  how  small  is  the  amount  of  magnesium  carbonate  that  it 

contains : —  _ 

Percent. 

Carbonate  of  lime    98*92 

Carbonate  of  magnetia    0*^ 

Oxides  of  iron  and  alumina   0*20 

Sulphate  of  lime trace 

Insoluble  siliceous  matter  0*50 


100*00 


Few  fossils  occur  in  the  limestone,  but  Mr.  Storey  has  preserved 
most  of  those  that  were  found  in  the  quarry,  and  they  are  tabulated 
in  the  list  of  species  on  pp.  392-393,  which  includes  some  of  my 
own  collecting. 

The  Lower  Brown  Limestone  must  occur  below  the  floor  of  the 
quarry,  north  of  the  principal  fault.  It  is  probably  represented 
along  the  inaccessible  base  of  the  cliffs  just  above  the  range  of  the 
tides,  for  a  bed  of  dolomite  about  30  feet  in  thickness  crops  out  on 
the  west  side  of  Forth  Dyniew}*d,  the  little  bay  at  the  extreme 
north  of  the  headland,  200  yards  from  the  quarry,  where  copper 
is  reported  to  have  been  found  immediately  above  the  sea-level. 

At  the  north-eastern  comer  of  the  Head  there  is  a  remarkable  boss 
of  limestone,  named  Trwyn-y-Fuwch,  the  top  of  which  is  100  feet 
above  the  sea,  and  it  appears  to  have  slipped  down  {h>m  a  cor- 
responding recess  in  the  difis  about  100  feet  higher.  The  principal 
reason  for  this  conclusion  is  that  the  obscure  bedding  in  tiie  fallen 
mass  is  nearly  on  end,  and  the  limestone  is  quite  unconnected  with 
the  adjacent  cliffs.  The  fall  seems  to  have  occurred  in  pre-Glacial 
times,  for  there  is  a  deposit  of  red  earth  containing  fragments  of 
chert,  and  a  bed  of  fine-grained  white  sand  covered  with  Boulder 
day,  150  yards  wide,  between  the  isolated  mass  and  the  difb  from 
which  it  is  supposed  to  have  fallen.  Mr.  Storey  came  independently 
to  the  same  conclusion,  and  I  am  much  indebted  to  him  for  the 
facilities  which  he  afforded  me  when  at  the  quarry. 

Along  the  worked  face  of  the  excavations  there  were  several 
fissures,  probably  widened  joints  in  the  rock  filled  with  red  drift 
About  7  years  ago  one  of  these  was  found  to  contain  the  teeth 
and  bones  of  bear,  hysBua,  rhinoceros,  and  other  mammalia  a  tew 
feet  above  the  floor  of  the  quarry,^  while  some  30  or  40  feet  higher 
a  human  skull  was  found,  and  near  the  top  of  the  cliff  a  bronze 
spear-head  12  inches  in  length.  All  these  objects  had  probably 
fallen  or  had  been  washed  into  the  fissure  at  different  times,  from 
pre-Glacial  to  Recent. 

^  These  were  presented  to  the  lirerpool  Free  Public  Museum,  but  seem  to 
haTO  been  lost. 
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The  Bouthem  range  of  hills  extends  from  5od-y-Sgallen  for 
3  miles  in  a  north-easterly  direction,  hat  does  not  appear  to  have 
any  definite  name.  It  presents  exactly  the  same  geological  stmotore 
as  that  already  descrihed,  the  sahdivisions  consisting  of  the  Lower 
Brown  Limestone  with  the  Middle  White  Limestone  resting  upon  it. 
The  only  difference  is  that  the  dip  is  reversed,  so  that  while  the 
limestone  in  the  northern  range  dips  south-east,  that  of  the  southern 
range  dips  north-west,  and  there  is  a  synclinal  valley  ahout  a  mile 
in  width  hetween  them.  Along  the  south-east  of  the  valley  the 
Middle  White  Limestone  everywhere  dips  ahout  20^  or  25^  to  the 
north-west.  Over  a  considerahle  area  the  surface  descends  with 
the  dip  to  the  valley  until  covered  hy  the  cultivated  land,  and  there 
is  no  indication  of  the  Upper  Ghrey  Limestone  in  any  part  of  the 
valley. 

West  of  Pabo  there  are  three  large  quarries,  the  one  nearest 
that  place  being  excavated  in  the  side  of  a  conical  hill,  and, 
except  in  colour,  it  presents  a  striking  resemblance  to  several  of  the 
breached  volcanoes  of  Auvergne.  The  limestone  in  this  quarry  is 
of  a  massive  character,  90  feet  thick,  and  traversed  by  joints  which 
give  it  the  appearance  of  being  verticaL  At  the  base  of  the  quarry 
the  limestone  assumes  a  darker  colour,  is  thin-bedded,  and  represents 
the  Lower  Brown  Limestone,  30  feet  thick,  in  which  I  saw  several 
specimens  of  Productus  comoideSf  but  none  in  the  overlying  sub- 
dividon. 

The  Lower  Brown  Limestone  has  a  continuous  outcrop  along  the 
south-east  of  the  range,  and  the  base  occurs  parallel  with  the  road 
at  Llangwstenin  HalL  Half  a  mile  farther  north  there  is  a  quarry 
where  a  black  shale,  having  much  the  appearance  of  lignite,  occurs 
a  few  feet  above  the  level  of  the  road.  It  is  from  3  to  6  inches 
thick,  but  only  extends  for  10  yards,  with  a  dip  of  18**  N.NJE., 
and  must  be  near  the  base  of  the  subdivision.  There  are  beds  of 
impure  limestone  above  the  black  shale,  and  beds  of  dolomite  14  feet 
thick  below  it.  The  limestone  rests  unoonformably  upon  the  Wen- 
lock  Shale,  and  there  is  an  alluvial  valley  along  the  east  of  the 
road. 

Bryn  Dinarth,  or  Bryn  Euryn  (named  after  the  ancient  British 
entrenchment  at  the  top),  is  the  conspicuous  hill  east  of  the  valley, 
which  separates  it  from  the  portion  of  the  southern  range  already 
described,  and  is  only  a  mile  from  Ck>lwyn  Bay.  It  is  formed  of  the 
Middle  White  Limestone  resting  upon  the  Lower  Brown  Limestone, 
as  in  the  hills  on  the  west.  On  the  north,  the  Middle  White  lime- 
stone descends  from  the  summit  of  the  hill,  which  is  427  feet  high, 
to  the  north  of  liandrilloyn  Bhos  Church,  and  forms  all  the  upper 
part  of  the  hiU  with  the  exception  of  lAie  semicircular  ridge  of 
Lower  Brown  Limestone,  which  crops  out  to  the  south.  The  Middle 
White  Limestone  exhibits  its  usual  massive  character :  it  is  quarried 
at  the  northern  end  of  the  hill,  where  it  dips  16^  north-west,  and  is 
of  a  light  colour.  Another  quarry  on  the  east,  just  above  the  200- 
foot  contour-line,  shows  the  white  limestone  20  feet  thick,  resting 
on  the  dark  grey  beds  of  the  inferior  subdivision  40  feet  in  thickness, 
with  a  dip  of  17**  north-west. 
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The  Lower  Brown  Limestone  is  mostly  of  a  dark  grey,  bat  fre- 
quently of  a  red  colour,  as  already  described  at  Nant-y-Gammer 
(p.  394),  though  a  considerable  portion  has  been  converted  into 
dolomite,  which,  when  weathered,  might  be  easily  mistaken  for  buff 
or  brown  sandst'One.  The  lower  part  of  the  subdivision  is  obscured 
by  a  deep  talus  of  red  earth  containing  angular  fragments  of 
dolomite  and  limestone,  derived  principally  from  the  breaking  down 
and  decomposition  of  the  dolomite  in  the  cliffs  above,  so  that  the 
exact  base  is  uncertaiu.  It  must  be,  however,  a  little  below  the 
300-foot  contour  on  the  6-inch  map,  and  consequently  much  above 
the  base  of  the  Lower  Brown  Limestone  along  the  outcrop  in  any 
of  the  other  hills  that  have  been  described. 

The  Wenlock  Shale  beneath  is  exposed  only  about  the  road  and 
railway  along  the  south  of  the  hill,  where  it  dips  45°  north-east, 
and  is  about  50  feet  above  Ordnance  datum,  but  probably  extends 
much  higher.  All  the  slope  of  the  hill  below  the  overhanging 
cliffs,  about  200  feet,  is  a  talus  which  covers  the  steep  escarpment 
of  the  Wenlock  Shale,  and  the  base  of  Lower  Brown  Limestone 
which  rests  upon  it. 

The  Purple  Sandstone  of  the  Yale  of  Clwyd  appears  to  be 
exposed  in  three  localities  in  the  valley  east  of  Eglwys  Rhos,  the 
most  important  being  a  quarry  in  a  plantation  a  short  distance 
north-north-east  of  Bod-y-Sgallen.  The  colour  varies  from  deep  red 
to  yellow,  and  the  red  becomes  brighter  on  exposure  to  the  weather. 
A  great  quantity  of  the  stone  has  been  used  in  the  neighbourhood, 
and  it  is  well  exposed  on  the  surface  of  the  road  leading  to  the  out- 
buildings west  of  Bod-y-Sgallen,  but  the  Hall  is  on  the  Lower 
Brown  Limestone.  In  the  quarry  the  dip  is  only  3^  or  4°  north, 
and  about  30  feet  of  the  sandstone  is  exposed. 

There  is  another  exposure  on  the  road  at  Greengate  Covert,  as 
shown  by  the  dip  S.S.E.  (Millstone  Grit)  on  the  Geological  Survey 
map,  the  other  being  coloured  as  limestone.  Mr.  H.  C.  Beasley 
informed  me  that  he  had  seen  the  sandstone  in  the  watercourse^ 
I  mile  to  the  west,  by  the  side  of  the  road,  but  the  place  was  so 
thickly  covered  with  vegetation  that  I  could  not  find  it. 

The  relation  of  the  sandstone  to  the  limestone  is  not  shown  in 
any  of  the  exi>osure8,  but  that  it  has  been  let  down  by  faults  seems 
certain,  and  it  probably  rests  upon  the  Upper  Grey  Limestone.  The 
occurrence  of  Hmestone  at  Grogfr^n  renders  it  difficult  to  suggest 
the  position  of  the  boundary-line  on  the  west ;  yet  there  must  be 
faults  north  and  south  of  the  sandstone,  which  probably  extends 
some  distance  up  the  Crenddyn  Valley,  but  how  far  is  uncertain. 

IIL  Bbmabss  ok  the  Dolomite. 

The  dolomitization  of  the  Carboniferous  Limestone  attracted  the 
attention  of  geologists  many  years  ago,  and  Prof.  Phillips  described 
the  metamorphism  of  the  formation  about  Eettlewell  in  Yorkshire,^ 
The  most  important  paper  on  the  subject  is  that  *  On  the  Character 

1  *  Geol.  of  Torks :  pt.  ii  (1886),  Mountain  Limestone  District,'  p.  26. 
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&  Mode  of  Occurrence  of  ihe  Dolomitic  Rocks  of  Kilkenny,'  by 
Mr.  Andrew  Wyley/  in  which  he  described  the  alteration  of  parts 
of  the  Carboniferous  Limestone  into  dolomite  in  a  very  capricious 
manner  along  the  beds,  and  sometimes  enclosing  large  masses  of 
unaltered  limestone,  the  change  being  always  exceedingly  abrupt. 
He  described  dykes  of  dolomite  between  joints,  where  it  has  lost  all 
traces  of  the  original  stratification,  and  others  where  the  bodding 
can  be  traced  across  from  the  limestone  on  each  side.  Mr.  Wyley 
was  of  opinion  that  the  metamorphism  was  produced  by  the  passage 
upwards  from  great  depths  of  water  containing  magnesium  car- 
bonate ;  that  the  alteration  took  place  after  the  deposition  of  the 
Permian  Limestone,  and  that  both  formations  were  dolomitized  by 
the  same  upfiow  of  magnesia,  and  at  the  same  time. 

If  I  was  correct,  in  my  paper  on  *  The  Carboniferous  Limestone 
of  the  Vale  of  Clwyd,'  ^  in  assigning  the  faulting  of  that  formation 
in  North  Wales  to  the  end  of  the  Triassic,  the  metamorphism  may 
have  been  produced  in  the  Jurassic  Period.  In  Kilkenny  the 
alteration  extends  over  a  considerable  area,  but  aroand  Llandudno 
the  dolomite  may  be  seen  presenting  the  most  interesting  variations 
within  an  area  of  a  few  square  miles,  and  it  is  remarkable  that  it 
has  not  been  described  before. 

In  Kilkenny  there  are  beds  of  limestone  containing  from  3  to  6 
per  cent,  of  magnesium  carbonate,  but  around  Llandudno  the 
limestone  contains  only  a  mere  trace  of  it.  No  dolomite  occurs  in 
the  Vale  of  Ciwyd,  but  in  the  Upper  Grey  Limestone  at  Penmon 
(Anglesey)  there  is  a  bed  30  feet  in  thickness. 


Discussion. 

Dr.  SoBBT  said  that,  being  convinced  that  in  many  cases  dolomite 
had  been  formed  by  the  replacement  of  half  the  carbonate  of  lime 
in  limestones  by  carbonate  of  magnesia,  he  had  been  anxious  to 
produce  this  change  artificially,  but  so  far  had  not  succeeded.  He 
had  been  able,  at  a  fairly  high  temperature,  to  replace  entirely  the 
carbonate  of  lime ;  but  not  merely  one  half  so  as  to  form  true 
dolomite.  Sundry  experiments,  which  have  now  been  going  on  for 
36  years,  show  that  in  some  cases  such  long- continued  action  will 
produce  changes  which  a  few  years  fail  to  produce ;  and  perhaps 
the  formation  of  true  dolomite  depends  on  a  very  long-continued 
action  at  the  ordinary  temperature. 

Dr.  Hicks  said  that  the  Society  was  to  be  congratulated  on 
receiving  this  further  evidence  of  careful  and  original  work  from 
one  who  had  been  for  so  many  years  an  active  Fellow  of  the  Society. 
No  one  had  done  so  much  as  the  Author,  in  North  Wales,  in 
working  out  the  fossil-zones  in  the  Carboniferous  rocks,  and  the  new 
fact  now  brought  forward  that  the  *  Lower  Brown  Limestone '  has, 

>  JouTD.GeoL  See.  Dublin,  toL  vi  (1864)  p.  109. 
*  Proc.  L'pool  Geol.  Soc.  Tol.yiii  (1897-98)  p.  3l\ 
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in  the  areas  referred  to,  been  converted  into  dolomite  appears 
hitherto  to  have  been  overlooked. 

Mr.  Stbahait  remarked  on  the  excellence  of  the  field-work  upon 
which  this  paper  was  founded.  The  dolomite  had  been  compared 
by  the  Author  with  a  Permian  rock  :  it  differed,  however,  in  being 
an  alteration-product.  The  alteration  in  this  and  other  cases 
affected  the  limestone  most  capriciously,  converting  it  into  an 
aggregate  of  crystals  and  completely  obliterating  the  organic 
structures.  Moreover  it  frequently  accompanied  faults,  as  in  the 
case  of  the  'dun  limestones'  of  the  North  of  England.  The 
percentage  of  magnesium  carbonate  bad  been  stated  by  the  Author 
as  48,  but  this  seemed  considerably  too  high  for  an  ordinary  dolomite. 
It  might  have  been  thought  that  the  Trias,  with  the  Dolomitic 
Conglomerate  at  its  base,  had  been  the  source  of  the  magnesia ;  but, 
as  a  matter  of  fact,  the  usual  alteration  effected  by  the  Bed  Kocks 
had  been  the  conversion  of  the  limestone  into  hsematite.  Moreover, 
the  Dolomitic  (Conglomerate  was  often  almost  devoid  of  magnesium 
carbonate.  On  the  other  hand,  the  dolomitization  frequently 
accompanied  faults  which  may,  at  some  former  period,  have  con- 
ducted underground  water  from  the  Goal  Measures  into  the  limestone. 
It  was  interesting  to  note  that  the  rock  found  by  the  Author  to 
lie  upon  the  limestone  differed  from  the  purple  sandstones  which 
occupied  that  position  in  the  Vale  of  Qwyd,  as  well,  of  course,  as 
from  the  chert-beds  of  Flintshire.  He  congratulated  the  Author 
on  his  excellent  results. 

Mr.  Mabb  also  spoke. 

The  AuTHOB,  in  reply,  stated  that  the  subjects  brought  forward 
by  the  speakers  would  take  up  too  much  time  for  comment,  and 
unfortunately  he  had  not  been  able  to  hear  all  that  had  been  said. 
He  was  much  pleased  with  the  interest  taken  in  the  paper,  for  he 
had  not  been  able  to  read  the  whole  of  it,  and  some  details  had  of 
necessity  been  omitted. 
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30.  Pktalocrinus,  WdUr  if  Davidson,     By  F.  A.  Bather,  Esq., 
M.A.,  F.G.S.     (Read  April  20th,  1898.) 

[Plates  XXV  &  XXVI.] 

G0NTK5T8. 

Page 

I.  Hiftory  of  the  Genus  401 

II.  Geological  Relations  of  Ptf^aiIo<?ri»fM 402 

III.  Description  of  Material  403 

IV.  Anatomical  Description  of  the  Genus    407 

V.  Systematic  Description  of  Genus  and  Species  420 

VI.  The  Affinities  of  P«^a/om»tt« 436 

VU.  Summary   439 

1.   HiBTORT   OF   THB   GbNUS. 

Amoitg  the  geological  collections  from  Gotland,  preserved  in  the 
Riksmuseam  at  Stockholm,  there  have  long  been  some  curious  fan- 
like objects,  obviously  echinodennal,  but  beyond  that  of  doubtful 
significance.  Study  of  these  in  September  1890  led  to  the  con- 
clusion that  they  were  crinoidal ;  not  cup-plates,  however,  as  some 
had  supposed,  but  dichotomous  arms  in  each  of  which  the  branches 
were  fused  together,  forming  what  may  bo  termed  an  *  arm-fan.' 
Although    it    seemed    probable 

^«*-.-^^^.7*''    "^  Inadanate  j-j      i._petalocriDU8    mirabilia, 
affinities,  they  were  not,  in  the  ^,^men  g.     Arm-fans  arbi- 
absence  of  more  precise  evidence,  ^^^^^^    numbered  i-v.   {Drawn 
described  in   Part  I   of'The  j     ^^    ^    ^  ^-Auftft  from  a 
Cnnoidea  of  Gotland    (Kongl.  yhoioyraph    and     a    plotter 
Sv.  Vet.-Akad.  Handl.  vol.  xxv,  \^,  \                              ^ 
No.  2, Dec.  1893).   Fortunately,  '^          ... 
about  this  timeMrs.  A.  D.  David- 
son, now  of  Whiting  (Ind.),  dis-  ^jSi^^^SA^ 
covered  in  the  contemporaneous  -  ^  - 
rocks    of   Iowa  similar  fossils, 

two    of    which     retained    the  -^  ^^h^^r^w.:  .-s| 

five   arm-fans  in  their  natural  ^^■^Efll^^^ 

position,  like  the  petals   of   a  ^^^BIRHl^^^j 
dog-rose  around  a  small  calyx 

(text  -  fig.    1).        These     were  ^      .          ,  ^ 
shown  to  me  by  Mrs.  Dandson 

on  her  visit  to  England  in  the  * 

summer  of    1891,  and   proved  [Nat.  size.] 
the  correctness  of  my  surmise 

concerning  the  Gotland  fossils.  The  Iowa  specimens,  however, 
were  taken  back  to  America,  and  subsequently  submitted  by  thpir 
owner  to  the  Assistant  in  Palaeontologic  Geology  at  the  Univo;  sity 

of  Chicago,  Mr.  Stuart  Weller,  who  prepared  a  paper  entitled 
*  Petalocrinus  mirabilis  (n.  sp.)  and  a  New  American  Fauna.'  * 

*  Joum.  of  Geol.  vol  iv  (1896)  pp.  166-173. 
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Now  that  Mrs.  Dayidson's  more  complete  individuals  have  been 
described,  and  the  gen  as  erected  on  their  broader  basis,  it  is  time  to 
describe  the  three  species  found  in  Gotland.  The  knowledge  gained 
from  them  may  then  be  applied  to  the  elucidation  of  the  special  diffi- 
culties presented  by  the  American  specimens,  and  to  the  establish- 
ment in  onr  classification  of  the  family  PetalocrinidaD,  which,  though 
suggested,  was  neither  defined  nor  discussed  in  the  paper  just 
mentioned.  Mr.  Stuart  Weller  has  obtained  from  various  American 
localities  fresh  material  of  the  species  described  by  him  and  of  two 
other  species,  and  it  was  his  intention  to  publish  a  supplementary 
paper  with  some  revision  of  his  previous  work.  He  has,  however, 
with  the  utmost  generosity,  placed  his  material  in  my  hands  for 
description,  and  helped  me  with  notes,  photographs,  and  plaster  casts. 
Mrs.  Davidson,  too,  was  so  good  as  to  bring  the  tvpe -specimens 
and  other  material  to  Loudon  with  her  in  June  1897,  in  order 
that  my  study  might  be  as  complete  as  possible.  This  kindness 
from  America  fully  repays  the  patience  of  seven  years.  But  if 
there  be  any  value  in  this  paper,  thanks  are  duo  not  only  to 
Mrs.  Davidson  and  Mr.  Weller,  but  to  Prof.  Gustaf  Lindstrom  for 
affording  every  facility  for  the  examination  of  the  specimens  in  the 
Riksmuseum  at  Stockholm,  to  my  wife  for  much  assistance  in  the 
wearisome  preparation  of  those  specimens,  and  to  Mr.  Gustaf 
Wen  man  for  the  pains  that  he  has  taken  in  the  production  of  the 
plate  illustrating  them. 

11.  Geological  Relatioks  op  Petaloceinus. 
The  species  herein  described  are  : — 

P.  mirabUis,  Weller ;  Niagara  Limestone :  Jonea  Co.  (Iowa). 

P.  inferior^  n.  sp.  „  „  „  „ 

P.  longus,  n.  sp.  „  „  St.  Paul  (Indiana). 

P.  visbi/cenns,  n.  sp. ;  beds b  &  C  (Lindstrom) :  north  of  Wisby  (Gotland). 

„  (senior)  ;  upper  part  of  C :  Weslergam  (Gotland). 

P.  anguatuSy  n.  sp. ;  junction  of  b  &  c ;  north  of  Wisby  (Gotland). 
P.  expansus,  n.  sp. ;  iMse  of  f :  Wisby  (Gk)tland). 

P.  inferior  and  P.  mirahilis  are  both  found  near  Monticello,  but 
not  in  absolutely  the  same  locality,  and  the  former,  according  to 
Mr.  Weller,  is  at  a  slightly  lower  horizon.  P.  vishycerms  and 
P.  angusius  are  found  in  the  clay  along  the  shore  north  of  Wisby ;  it 
is  not  possible  to  refer  each  specimen  to  a  definite  horizon,  but  they 
may,  generally  speaking,  be  regarded  as  occurring  at  a  horizon 
equivalent  to  the  junction  of  the  Llandovery  and  Wenlock  series  in 
England,  or  the  Clinton  and  Niagara  groups  in  North  America. 
Since  a  species  is  also  found  at  the  base  of  Lindstrdm's  bed  f  (that  is, 
somewhere  about  the  Lower  Ludlow  of  England  and  the  Onondaga 
of  North  America),  it  follows  that  the  known  range  of  the  genus 
extends  both  earlier  and  later  in  Gotland  than  in  Iowa  and 
Indiana. 

Mr.   Weller,  in  1896,  when  still  ignorant  of  the  occurrence  of 


Digitized  by 


Google 


Vol.  54.]  MB.  F.  A.  BATHER  OW  PBTALOOBtN  08.  403 

Fetaloerinus  in  Gotland  (alfchongh  I  had  told  Mrs.  Davidson  of  it) , 
used  the  supposed  resemblance  of  this  genus  to  Orotalocrinus  as  an 
argument  for  the  homotaxis  of  the  Niagara  Limestone  with  the 
Gotland  Limestone,  which  he  classed  with  the  Wenlock.  The 
Gotland  Limestone,  however,  or  at  least  that  portion  of  it  in  which 
Orotalocrinus  is  abundant,  is  bed  f  of  Lindstrom,  and  is  taken  by 
that  eminent  palseontologist  as  the  e(|uivalentof  our  Aymestry  rather 
than  our  Wenlock  Limestone.  £ven  without  the  occurrence  of 
Petalocrinus  itself  in  lower  beds  of  the  Gotland  series,  Mr.  Weller  8 
argament  could  have  no  great  force,  for  the  resemblance  to  Grotah- 
erinuM  is  quite  superficial  and  does  not  imply  '  bonds  of  relationship.' 
Bat  the  actual  facts  of  geological  distribution  at  present  prove  no 
more  than  was  better  established  on  other  grounds,  e.  g,  by  Mr. 
Weller's  own  description  of  OoniophyUam  pyramidale,  Hisinger, 
mutatio  secunda^  Lindstrom,  from  the  same  horizon  and  locality  as 
P.  mirahilis.  In  Gotland  mutatio  secunda  occurs,  according  to  Lind- 
strom (1882),  in  marly  limestone  (d)  above  the  clay :  that  is  to  say, 
at  precisely  that  horizon  from  which  Petalocrinm  is  as  yet  unknown 
in  Europe,  the  horizon  of  the  Wenlock  Limestone.  It  is  right  to 
mention  here  that  on  Dec.  21st,  1895,  the  late  Charles  Wachsmuth 
wrote  to  me  that  he  had  received  *an  external  natural  mould 
from  the  Niagara  of  Chicago '  which  he  referred  to  Crotaloerinus. 
This  was  confirmed  by  a  squeeze  taken  from  another  specimen  from 
the  same  beds,  and  kindly  sent  to  me  on  Feb.  18th,  1898,  by 
Mr.  Weller.  The  species,  however,  cannot  be  determined,  so  that  the 
specimens  have  but  slight  bearing  on  questions  of  synchronism. 
Therefore,  with  due  remembrance  of  the  imperfect  and  homo  taxi  al 
nature  of  our  correlation,  the  species  of  Petalocrinus  may  be 
arranged  in  the  following  geological  order : — 


Silurian  (lApworth). 

EUROPB. 

North  America. 

Upper 

P.  expansuB, 

Middle 

P.  longu^  P.  mvrabilu^ 
P.  inferior. 

Lower  P.  viAycensis  (senior). 

„  P.  visbycentis,  P.  anffustus. 

It  is  probable  that  the  publication  of  this  paper  will  bring  t-o 
light  specimens  in  England:  search  for  them  should  be  made 
among  collections,  not  of  crinoids,  but  of  brachiopods,  especially 
among  specimens  of  Bhynehotreta  cuneata  and  similar  Bhyncho- 
nelloids;  some  coral-fragments,  as  of  the  associated  Palomydus 
porpita  or  species  of  Ptychophtfllum,  might,  if  partially  exposed, 
be  confused  easily  with  an  arm-fan.  In  fact,  P.  major,  Weller, 
turns  out  to  be  an  Omphyma^  as  explained  on  p.  407. 

III.  Descriptioit  op  Material. 

P,  mirahUis. — All  the  specimens  are  in  an  iron-stained  siliceous 
rock,  splitting  into  rough  slabs.  This  is  entirely  composed  of  the 
remains  of  corals,  crinoids,  a  few  brachiopods,  and  bryozoa,  all 
organisms  with  a  calcareous  skeleton ;  originally,  therefore,  the  rock 
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must  have  been  a  pare  or  nearly  pure  limestone.  Whether  this 
subsequently  became  dolomitized,  as  was  the  case  with  most  of 
the  Niagara  Limestone  of  Illinois,  Iowa,  and  Wisconsin,  cannot  be 
determined  from  the  hand-specimens  examined,  since  they  show  no 
trace  of  dolomite-crystals,  eyen  in  thin  sections  under  the  micro- 
scope. It  seems  more  probable  that  the  first  change  was  due  to 
silicification,  in  the  form  of  a  gradual  molecular  replacement  of  the 
calcareous  stereom  ^  of  the  constituent  fossils,  beginning  with  the 
outer  layer  of  each  ossicle  or  fragment.  Thus,  in  the  case  of  a 
crinoid  stem,  the  silicifying  fluid  bathed  the  outside  of  the  stem^ 
the  walls  of  the  axial  canal  from  which  the  soft  contents  had 
previously  decayed,  and  the  narrow  interstices  between  the 
oolumnals  formerly  filled  with  ligament.  The  supply  of  silica  then 
decreased,  and  acidulated  water  passing  through  leached  out  any 
remaining  stereom  from  the  inner  portions  of  each  fragment.  There 
were  thus  left  a  number  of  hollow  boxes,  as  it  were,  formed  of  silica. 

Fig.  2. — Microscope-Section  of  matrix  of  Petalocrinus  mirabilis, 
specimen  j.     (Cut  by  Mr.  F.  Chapman.     Brit.  Mtis.  E6635.) 

d 


X  30'diam. 

[The  drawing  is  diagrammatic,  especially  in  so  far  as  the  orinoid-fragmenti 
have  been  selected  from  different  parts  of  the  ori^nal  preparation ;  it  repre- 
sents the  section  as  seen  by  polarized  light,  niools  crossed,  a,  oolumnal 
cut  lon^tudinally,  showing  axial  canal ;  b,  brachial  out  transreraely ; 
c,  brachial  and  ooTering-platee  cut  transrersely ;  d^  chalcedony ;  «,  oolumnal 
out  transversely.  Between  all  these,  and  in  the  cavities  formed  by  solution, 
are  minute  crystals  of  quarts,  while  minuter  crystals  are  in  the  meahes  of 
the  stereom,  which  also  is  silicifled.  The  black  areas  represent  spaces. 
The  brachials  certainly,  and  the  oolumnals  possibly,  do  not  belong  to 
Petalocrinus  itself.] 

^    Stereom,    any    hard   tissue,   forming   skeletal   structures  in   Metasoa 
Invertebrata  and  in  Protozoa:  'Nature,'  vol.  xliii  (Feb.  12th,  1891)  p.  345. 
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With  the  disappearance  of  all  the  carbonate  of  lime,  water  did  not 
cease  to  penetrate  the  rook,  but  continued  to  deposit  silica,  partly  as 
qaartz,  filling  np  all  the  minute  spaces  in  the  stereom,  lining  the 
cayities,  and  cementing  tbe  fragments,  partly  as  chalcedonic  mam- 
millations  on  the  inner  walls  of  the  hollow  boxes,  thus  obscuring 
details  of  structure  that  might  otherwise  have  been  preserved  with 
surprising  clearness.  The  original  replacing  silica,  the  crystalline 
infilling,  and  the  chalcedony  are  all  shown  in  text-fig.  2,  p.  404. 

The  larger  fossils,  therefore,  are  neither  oasts  nor  impressions,  but 
when  perfect  resemble  externally  the  original  skeleton  in  everything 
except  their  chemical  and  physical  composition,  and  consequent  soapy 
feel.  Often,  however,  this  exterior  is  roughened  by  deposit  of  silica 
or  marked  with  the  concentric  rings  of  beekite  formation.  But  the 
fossils,  being  but  thin  and  hollow  cases,  empty  shows,  rarely  are 
perfect,  and  we  see  their  interior.  The  effect  of  this  is  often  some- 
what that  of  an  impression,  and  from  it  one  may  take  a  wax  squeeze 
simulating  the  characters  of  the  original  outer  shape.  Text-fig.  1 
(p.  401)  shows  the  outer  casing  partly  preserved  on  the  dorsal  side 
of  the  arm-fans  numbered  iv  &  v,  while  it  is  almost  entirely  removed 
from  arm-fan  iii.  The  exterior  of  the  basals  is  also  preserved,  but  one 
sees  the  interior  of  most  of  the  radials,  especially  in  radius  i.  The 
diverging  ridges  seen  inside  the  arm-fans  represent  grooves  on  the 
ventral  surface,  and  this  is  also  the  case  with  PI.  XXVI,  figs.  44  &  46. 

The  need  for  this  detailed  explanation  of  the  mode  of  petrifaction 
was  proved  by  the  difficulty  of  interpreting  Mr.  Weller's  description 
and  photographic  process-engravings  without  such  explanation. 
A  similar  mode  of  preservation  was  described  in  my  paper  on  some 
Eugmiacrini  from  the  *  Weisser  Jura  e '  of  Streitberg  (Quart.  Jousn. 
GeoL  Soc.  voL  xlv,  1889,  pp.  359-362). 

The  specimens  studied  are  the  following  :— ; 

Specimens  which  Mrs.  Davidson  has  deponited  on  loan  in  the 
Walker  Museum,  University  of  Chicago,  but  which  she  kindly  with- 
drew temporarily  for  me  to  examine  at  leisure,  namely  : 

(a)  Cotype.*    Weller  &  Davidson,  op,  cit,  pi.  vi,  fig.  2.    Crown, 

and  proximal  columnal,  dorsal  view.  (PL  XXVI,  figs. 
41-43.) 

(b)  Cotype.     Weller  &  Davidson,  op,  eit,  pi.  vi,  fig.  5.     Single 

arm-fan  in  matrix,  ventral  view ;  part  of  dorsal  surface 
and  facet  exposed. 

(c)  Portions  of  five  arms,  in  place  around  a  cup  which  is  not 

exposed  ;  dorsal  view,  but  the  dorsal  wall  and  inner  sub- 
stance of  the  arm-plates  are  removed ;  numerous  column- 
fragments  and  isolated  column als,  possibly  belonging  to 
the  species,  are  close  by.     (PI.  XXVI,  figs.  48-50.) 

>  In  this  paper  the  word  '  type  *  and  its  compoundB  are  used  in  the  senses 
proposed  by  OldBeld  Tbomas  ('  Suggestions  for  the  more  definite  Use  of  the 
Word  Type,  etc.,'  Proc.  Zool.  Soc.  1893,  pp.  241,  242)  and  elaborated  by 
0.  Schuohert  ('What  is  a  Type,  etc./  Science,  n.  s.  toL  ▼,  pp.  636-040, 
Apnl  2drd,  1897). 
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Specimens  beloDging  to  the  Walker  Moseum,  and  lent  me  through 
the  kindness  of  Hr.  Stuart  Weller,  namely : — 

(d)  ir.C.4449.      Crown  and  proximal  columnal,   dorsal  view, 

more  ohscure  than  PL  XXVI,  figs.  38  &  39 ;  alongside 
are  remains  of  two  other  arms,  dorsal  view.  (PL  XXVI, 
fig.  44.) 

(e)  ir.C.4449.     Single  arm-fan,  dorsal  view,  most  of  dorsal 

surface  removed ;  facet  well  shown. 

(f)  U.C.4736.     A  large  slab  of  silicified  rock  (37  X  12-16  cm.) 

covered  on  both  sides  with  remains  of  Petalocrinus,  On 
the  side  which  the  general  weathering  and  liohenons  growth 
show  to  be  the  npper,  there  are  two  crowns,  (f  1)  30  mm. 
and  (£2)  15  mm.  in  diameter,  and  remains  of  at  least 
nine  other  arm-fans,  all  seen  from  the  dorsal  surface.  The 
underside  contains  the  remains  of  at  least  twelve  arm- 
fans  seen  from  the  ventral  surface,  and  four  seen  from  the 
dorsal  surface.  There  are  in  the  slab  various  columnals 
and  a  few  brachials  of  other  crinoid  genera,  none  capable 
of  determination.  The  mass  of  the  slab  is  made  up  of 
coral-fragments:  HaXysiUi^  Favosites,  etc.  (PL  XXVI, 
figs.  37,  45-47.) 

Besides  these,  I  have  been  furnished,  through  the  kindness  of 
Mr.  Stuart  Weller,  with  plaster  oasts  of : — 

(g)  Cotype.     Weller  &  Davidson,  op.  cit,  pi.  vi,  fig.  3.     A  crown 

seen  from  the  dorsal  side,  the  cup  not  very  well  prc8er?ed. 

Also  a  photograph  of  this.     (Text-fig.  1,  p.  401.) 
(h)  CJotype,  Weller  &  Davidson,  op,  cit.  pi.  vi,  fig.  4.     An  arm-fan 

from  the  dorsal  side,  with  dorsal  surface  removed,  so  that 

the  floors  of  the  grooves  are  exposed  as  rounded  ridges, 
(i)  An  arm-fan  similar  to  h. 

Finally,  there  are  in  the  British  Museum  (Nat.  Hist.)  : — 

( j)  £  6634.  Portion  of  a  slab  similar  to  f,  containing  on  one 
side  an  arm-fan  in  dorsal  aspect,  dorsal  surface  almost 
entirely  removed  and  floors  of  grooves  exposed ;  and  on 
the  other  side  two  fragments  of  arm-fans  similarly  pre- 
served. Presented  by  Mrs.  Davidson.  The  microsection, 
text-fig.  2  rp.  404),  was  cut  from  this. 

(k)  E6636.  Arm-fan  in  siliceous  matrix,  dorsal  aspect.  Pre- 
sentoa  by  Mr.  Stuart  Weller.    (PL  XXVI,  fig.  40.) 

(1)  E  6637.  Arm-fan  in  siliceous  matrix,  ventral  aspect.  Pre- 
sented by  Mr.  Stuart  Weller.    (PL  XXVI,  figs.  51-56.) 

P.  longus. — One  arm-fan,  registered  U.C.  4512,  preserved  in  the 
Walker  Museum,  and  lent  by  Mr.  Weller,  who  collected  it  at 
St.  Paul  (Ind.),  1896.  The  state  of  preservation  appears  somewhat 
similar  to  that  of  P,  mirahilis,  but  the  specimen  is  free  from  matrix, 
and  apparently  silicified  throughout.  Bather  more  than  the  distal 
right-hand  comer  is  broken  away,  at  an  angle  similar  to  that 
followed  by  the  Gotland  specimens  when  they  fracture ;  but  the 


Digitized  by 


Google 


Vol.  54.]  MB.  p.  A.  BATHBR  Olf  PBTALOORUnTS.  407 

lino  of  cleayage  is  not  so  regular.  (PI.  XXVI,  figs.  58-65,  &  text- 
figs.  11, 12,  p.  432.) 

P.  inferior, — U.C.  4736,  in  the  Walker  Museum,  found  close  to 
the  locality  of  P,  mirabilis,  but  at  a  slightly  lower  horizon,  by 
Mr.  Weller,  who  kindly  forwarded  me  the  specimen.  The  matrix  is 
a  loose  dolomitized  limestone,  in  which  the  calcareous  fragments, 
echinodermal  and  other,  are  not  wholly  dissolved  out.  The  specimen 
is  an  impression  of  an  arm-fan,  in  which  ridges  represent  natural 
casts  of  the  arm-grooyes.  There  are  two  fractures,  aod  the  margins 
are  worn  away.    (PI.  XXVI,  fig.  57,  &  text-fig.  10,  p.  427.) 

P,  visbyeensis. — The  specimens  are  all  composed  of  calcspar  well 
preserved  in  a  blue  shale ;  they  are  usually  dark  in  colour. 

Specimens  in  the  Biksmuseum,  Stockholm: — Twenty-three  arm- 
fans  or  portions  of  arm-fans,  lettered  a-w ;  details  of  some  are 
given  with  the  measurements  (p.  423).  (PI.  XXV,  figs.  1-11  & 
16-25,  &  text-fig.  8,  p.  423.) 

Specimens  in  the  British  Museum  (Nat.  Hist.) : — 

(z)  E  6638 ;  an  arm-fan  on  matrix,  ventral  surface  exposed ;  it  is 
slightly  worn  at  the  distal  and  proximal  ends  (text-fig.  8  z,  p.  423). 

(y)  E  6639  ;  small  arm-fan,  somewhat  weathered. 

(s)  E  6640 ;  proximal  portion  of  an  arm-fan. 

P.  vishyeetisis  (senior). — ^A  single  arm-fan  on  a  matrix  of  hard 
calcareous  shale,  ventral  surface  exposed :  Biksmuseum,  Stockholm 
(PI.  XXV,  figs.  12-15,  &  text-fig.  9,  p.  424). 

P.  angustus. — A  single  arm-fan,  the  proximal  end  broken  away, 
especially  on  the  left  side;  Biksmuseum,  Stockholm  (PI.  XXV,  figs. 
26-32). 

P.  expansus, — A  single  arm-fan  on  spathose  limestone,  ventral 
surface  and  facet  exposed ;  slightly  weathered  ;  Biksmuseum, 
Stockholm  (PI.  XXV,  figs.  33-36,  &  text-figs.  13,  14,  p.  435). 

*P.  (?)  major.' — Holotype  and  topotype,  both  belonging  to 
Mrs.  Davidson,  and  kindly  withdrawn  by  her  from  the  Walker 
Museum. 

Mr.  Weller  wrote  to  me  on  Nov.  10th,  1896 : — *  I  am  convinced 
that  the  specimen  I  described  as  P.  (?)  major  is  nothing  but  a  form 
of  coral.  Additional  specimens  secured  this  summer  seem  to  make 
this  certain.'  Examination  of  these  specimens  suggests  that  the 
species  is  most  closely  allied  to  Omphyma  turbinatum  (Linn.). 

IV.  Anatokical  Dbscbiption  op  the  Genus. 

The  cup,  stem,  and  first  primibrach  are  known  only  in  P.  miVa- 
fttZw,  but  there  is  no  reason  to  suppose  that  they  were  essentially 
different  in  the  other  species.  The  arm-fans  of  all  species  are 
known,  and  it  is  on  them  that  specific  diagnoses  must  be  based ; 
their  structure  in  P.  mirabilis  and  P.  vishycensis^  which  differ  but 
slightly,  may  be  taken  as  the  norm  of  the  genus  *;  they  are  more 

^  On  the  zoological  application  of  the  word  norm,  see  F.  A.  Bather, 
*  Postscript  on  the  Terminology  of  Types/  Science,  n.  s.  toI.  v,  pp.  843-44, 
May  28th,  1897. 
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readily  studied  in  P.  visbycensis,  and  the  description  will  be  baaed 
chiefly  on  that  species. 

The  Dorsal  Cup  is  bowl-shaped ;  flattened  dorsally,  with  slightly 
concave  base ;  sabpentagonal  in  outline,  owing  to  the  lateral  posi- 
tion of  the  radial  facets,  and  very  slightly  excavate  in  the  interradii  ; 
low,  the  height  being  about  half  the  width.  The  measuremento  of 
five  specimens  are  given  in  the  table  on  p.  430. 

The  cup  was  described  by  Mr.  Weller  as  composed  of  radials  and 
basals  only,  t.  e,  as  that  of  a  typical  Monocyclic  Inadunate  crinoid, 
and  he  compared  it  to  the  cup  of  Platycrinxu,  This  is  in  fact  the 
appearance  presented  by  d  and  f  2 ;  but  in  those  specimens  the 
sutures  are  very  obscure.  In  g,  to  judge  from  the  photographs 
and  plaster  cast,  the  plates  are  clearly  separate,  and  the  basalB 
appear  not  to  come  right  up  to  the  abactinal  centre,  but  to  leave  a 
concavity  a  little  larger  than  the  space  occupied  by  the  proximal 
columnaJ,  which  does  not  seem  to  be  present  in  the  specimen  (text- 
fig.  1,  p.  401).  This  appearance  is  pronounced  in  specimen  a,  and  here 
the  interbasal  sutures  are  distinctly  seen  to  stop  before  reaching 
the  columnal,  while  in  the  interradii  arbitrarily  designated  iii-iv, 
iv-v  in  PL  XXVI,  fig.  42,  obvious  sutures  are  seen  dividing  the 
basals  from  the  depressed  area  round  the  stem-attachment ;  in  this 
area  itself  an  interradial  suture  can  be  distinguished  clearly  in 
interradius  iv-v,  less  clearly  in  interradius  iii-iv.  Although  the 
surface  is  corrugated  by  the  petrifying  processes  above  described, 
there  is  no  room  for  doubt  as  to  the  correctness  of  this  description ; 
and  it  was  independently  confirmed  by  two  unprejudiced  observers, 
Mr.  H.  W.  Burrows  and  Mr.  G.  P.  Harris,  whose  accuracy  is  well 
known  to  palseontologists.  The  important  conclusion  follows  that 
the  base  is  dicyclic,  there  being  a  circlet  of  infrabasab,  minute 
but  distinct,  largely  covered  by  the  proximal  columnal,  and  perhaps 
partly  fused,  but  not  into  a  single  plate. 

Baisals  (BB)  5 ;  pentagonal,  slightly  wider  than  high,  subequal. 
Owing  to  the  absence  of  anals  from  the  cup  it  cannot  be  seen 
whether  there  is  any  difi*erentiation  of  a  posterior  side ;  in  a  the 
basal  in  interradius  ii-iii  is  perhaps  the  largest,  those  in  iv-v  and  v-i 
being  smaller  than  the  rest.  The  proximal  portions  of  the  basals 
are  included  in  the  central  concavity. 

Radials  (RB)  6,  subequal ;  height  to  base  of  facet  about  |  width. 
They  are  of  the  shield-shape  usual  in  Inadunate  crinoids;  their 
proximal  portions  enter  the  flattened  dorsal  area ;  thence  the  plates 
curve  upwards  to  the  facet,  but  the  curve  is  more  pronounced  in 
the  interradii,  so  that  the  radials  project  towards  the  facet,  the  plane 
of  which  is  almost  parallel  to  the  vertical  axis  of  the  cup,  but  a 
little  sloping  outwards  ventro-dorsally.  Taking  the  width  of  the 
radial  as  100,  the  average  width  of  the  facet  is  relatively  : — in  f  I, 
55*5 ;  in  a,  80 ;  in  d,  65*2 ;  in  g,  77.  The  specimens  are  here 
arranged  in  order  of  size,  and  it  is  seen  that  this  considerable  varia- 
tion can  scarcely  be  due  to  difference  in  age.  There  is  also  variation 
between  the  facets  of  an  individual,  though  less  in  amount,  as  seen 
from  the  table  of  measurements  on  p.  429.    The  articular  surface 
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of  the  radial  facet  is  exposed  in  no  specimen,  and  its  nature  must 
be  inferred  from  the  facet  of  the  arm -fan ;  it  is  safe  to  say  that  ic 
was  pierced  by  the  axial  canal. 

TheTegmen  is  not  clearly  visible  in  any  specimen.  The  cup 
of  a  is  tilted  slightly  on  one  side,  so  that  one  can  look  a  little  under- 
neath. Despite  Mr.  Weller's  statement,  *■  No  interradials  observed 
on  the  dorsal  aspect  of  the  calyx,'  there  is  seen  in  interradii  i-ii 
and  ii-iii  a  pronounced  plate,  just  at  the  level  of  the  arms  and 
passing  up  on  to  the  tegmen  (PI.  XXVI,  fig.  43).  The  wax 
squeeze  taken  from  the  impres-     ^.     «      T^.  ^   y 

sion  of  the  tegmen  in  f  1  ^^S-  S^— Diagram  of  ike  tegmen 
(PI.  XXVI,  fig.  45  &  text-fig.  3)  ^f  ?*^^^^i;"°^«^/'"i^^?'  '^^ 

shows  that  the  first  primibraohs  explain  PL  XXVI,  fig.  45. 

abut  on  five  radially-disposed 
plates.  These,  which  are  pro- 
bably radials,  project,  in  a  slight 
angle,  to  the  middle  line  of  the 
primibrachs,  but  their  inner, 
adoral  margins  are  straight. 
They  abut  on  one  another  by 
short  sides.  Therefore  in  this 
view  they  appear  pentagonal. 
Between  the  radials  and  the  oral 
centre,  but  int/erradially  disposed, 
are  subtriangular  plates,  probably  P»  peristome ;  v.g,  ventral  groove ; 
one  in  each  iuterradius,  with  their  "^Hmib^i,  ^'  '*^*'^ '        '  ^"^^ 

apices    meeting    the    interradial  ^"™*  "^  ' 

sutures.  These  plates  are  interambulacral  and  are  the  same  as  the 
interradial  plates  seen  in  a.  They  may  be  homologized  with  the 
five  subtriangular  plates  of  the  Cyathocrinoid  tegmen,  which  have 
been  spoken  of  in  my  papers  as  deltoids,  and  which,  in  opposition 
to  P.  H.  Carpenter  and  Messrs.  Wacht^muth  &  Springer,  I  believe 
to  represent  orals. ^  The  other  smaller  plates  of  the  tegmen  are 
probably  ambulacrals,  but  their  arrangement  cannot  well  be  dis- 
tinguished. The  wax  squeeze  seems  to  show  one  or  two  traces  of 
grooves,  leading  from  the  brachials,  across  the  supposed  radials,  to 
a  pronounced  but  narrow  depression  in  the  centre.  This  latter  is 
no  doubt  the  peristome,  and,  in  the  animal,  may  have  been  covered 
by  plates ;  one  cannot  infer  otherwise  from  the  peculiar  state  of 
preservation  of  the  fossil.     The  anus  is  not  to  be  detected. 

Mr.  Weller,  in  his  paper,  spoke  of  '  the  anal  side.'  In  reply  to 
a  question,  he  wrote  on  May  5th,  1896 : — *  My  only  reason  .... 
was  the  apparent  slightly  greater  width  between  the  two  arm-bases 
and  the  slightly  larger  basal  plate  on  the  same  side.'  This  refers, 
a3  he  explained  by  a  diagram,  to  that  iuterradius  on  specimen  a 
here  marked  iii-iv.     Were  this  a  constant  feature,  Mr.  Weller's 

^  See  especially  '  Saggested  Terms  in  Orinoid  Morphology/  Ann.  Mag.  Nat. 
Hist.  ser.  i,  vol.  ix  (1892)  p.  63 ;  *  Brit.  Foss.  Crin.— VIII :  CyathocHntu,*  ibid. 
p.  22b ;  and  '  Crinoidea  of  Gotland :  I,'  1893,  on  p.  Ill  and  elsewhere. 
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inference  might  be  jastified ;  bat  he  continnes,  *  the  other  speci- 
men [namely,  g]  does  not  show  any  appreciable  difference  in  the 
different  sides.'  The  measorements  tabulated  on  p.  430  confirm 
Mr.  Weller's  second  statement  more  readily  than  his  first.  Although 
there  is  variation  in  the  width  between  the  arm-bases,  in  no  case 
can  one  interradius  be  selected  as  conspicuously  wider  than  the 
others.  At  the  same  time,  in  specimens  d,  f  1,  f  2,  and  possibly  g, 
one  interradius  is  distinctly  narrower  than  the  others,  and  might 
plausibly  be  regarded  either  as  one  of  the  anterolateral  interradii, 
or  as  the  right  posterior.     This,  however,  is  not  the  case  with  a. 

The  Arms  consist  each  of  two  parts  :  a  first  primibrach  (IBrJ, 
which  rests  on  the  radial  facet,  and  an  arm-fan,  which  rests  on 
the  first  primibrach. 

The  first  primibrach  is  barely  *5  mm.  high,  with  its  proximal  and 
distal  margins  parallel,  of  the  same  width  as  the  facet  of  B  and  of  the 
arm-fan,  and,  so  far  as  can  be  seen,  of  the  same  thickness  on  both 
dorsal  and  ventral  margins  (except  perhaps  for  the  slight  reentrant 
angle  on  the  ventral  surface,  already  mentioned  as  seen  in  the  im- 
pression of  the  tegmen  in  f  1).  First  primibrachs  are  seen  also  in  a 
and  d,  and  less  clearly  in  £2  and  g.  They  were  no  doubt  always 
present  in  P.  mirabilit,  and  probably  in  other  species.  Their 
articular  surfaces  are  unknown,  but  the  structure  of  tbe  distal  one 
can  be  inferred  from  the  facet  of  the  arm-fan. 

The  A  rm-f  an,  as  seen  from  the  ventral  surface,  roughly  resembles 
a  folding  fan,  opened  to  a  varying  extent  in  different  individuals, 
and  still  more  in  different  species.  Seen  from  the  dorsal  surface  it 
is  like  an  oar-blade  or  paddle.  The  sides  do  not  meet  in  a  point, 
but  become  parallel  at  a  short  distance  from  the  proximal  end, 
forming  as  it  were  a  short  handle  to  the  fan  or  paddle.  Also  at 
the  distal  end  the  sides  usually  curve  inwards,  especially  in  old 
individuals. 

The  angle  of  any  arm-fan  is  defined  as  the  angle  at  which  lines 
drawn  parallel  to  the  general  direction  of  the  diverging  sides,  ex- 
clusive of  the  incurved  distal  region,  meet  one  another.  In 
P.  visbycensis  the  angle  varies  from  70°  to  93°,  the  average  in  ob- 
served specimens  being  82°  24',  while  in  more  than  half  the 
specimens  it  falls  between  80°  and  85° :  that  is,  the  mode  equals 
the  mean.*  In  P,  mirabilis  the  angle  varies  from  51°  to  83°,  the 
average  in  thirty-one  observed  specimens  being  71°,  while  in  more 
than  half  the  specimens  it  falls  between  71°  and  78° :  that  is,  the 
mode  is  a  larger  angle  than  the  mean.  In  P.  inferior  the  angle  is 
about  70° ;  in  P.  longxis^  38°;  in  P.  angustus,  38°;  in  P.  expamuSy 
90° ;  in  P.  visbycensis  (senior),  about  88°. 

*  QeologiBta  un&miliar  with  the  rising  flood  of  zoological  literature  on  Varia- 
tion may  ^  referred  to  W.  Bateson,  '  Materials  for  the  Study  of  Variation,* 
London,  1894 ;  and  Earl  Pearson,  '  The  Chances  of  Death/  2  vols.,  London 
&  New  York,  1897.  Those  works  contain  explanations  of  many  terms  and 
methods  used  in  the  present  investigation. 
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The  grooves  on  the  ventral  sarface  of  the  arm-fan  are  proved  hy 
their  mode  of  branching,  and  by  various  structures  described  in 
due  course,  to  represent  the  ventral  grooves  of  originally  separate 
arm-branches. 

The  grooves  do  not  simply  radiate  from  the  proximal  end,  as  do 
the  grooves  of  a  fan  or  of  the  test  of  some  brachiopods,  but  dicho- 
tomize according  to  a  plan  that  is  approximately  the  same  for  all 
species,  and  still  more  the  same  for  all  individuals  of  each  species. 
This  dichotomy  may  be  described  in  language  similar  to  that  used 
in  describing  ordinary  free  arms,  the  difference  being  that  one  is 
unable  to  insert  the  numbers  of  the  brachials  in  each  series,  since 
no  trace  of  the  original  joints  is  retained. 

In  P.  mirabilit,  P,  visbycerms,  and  P.  inferior  the  grooves  (or 
arm-branches)  divide  almost  immediately  on  entering  the  fan,  so 
that  a  distinct  ridge  runs  down  the  middle  of  each  fan,  dividing  it 
into  two  similar  halves.  The  secundibrach  region  is  quite  short, 
and  the  groove  forks  again  almost  at  once. 

In  fans  of  P.  miralilis^  nearly,  if  not  absolutely,  without  excep- 
tion, the  two  main  divisions  of  the  fan  are  almost  precisely  similar, 
that  is,  the  arm-fan  is  bilaterally  symmetrical.  Moreover,  so  far 
as  number  is  concerned,  the  branching  is  perfectly  regular  or  ^  iso- 
tomous';  there  are  always  2  IIBr  grooves,  4  IIIBr,  8  IVBr,  and 
16  VBr,  these  last  being  the  finials ;  or,  as  Mr.  Weller  puts  it,  there 
are  '  16  ambulacral  grooves  at  the  distal  edge  of  each  arm.'  This 
number  is  stated  by  Mr.  Weller  in  a  letter  to  be  invariable ;  and 
the  specimens  submitted  to  me  confirm  his  statement.  Though 
isotomous  in  respect  of  number  and  bilateral  symmetry,  the  forking 
of  the  III,  IV,  and  V  Br  series  takes  place  at  unequal  levels.  For 
example,  confining  our  attention  to  the  right-hand  half  of  any  fan 
(as  viewed  from  the  ventral  surface),  we  see  that  the  right-hand  or 
outer  IIIBr  groove  forks  before  the  left-hand  or  inner  groove ; 
whereas,  of  the  two  IVBr  branches  springing  from  the  latter,  it  is 
always  that  on  the  left  which  forks  first.  This  may  be  reduced  to 
rule.  In  any  orinoid  arm  all  the  portion  borne  by  any  one  axillary 
may  be  termed  a  '  dichotom,'  and  the  line  bisecting  that  axillary 
may  be  regarded  as  the  median  axis  of  the  said  dichotom  ;  branches 
next  to  the  median  axis  will  be  mediad  with  respect  to  that  par- 
ticular dichotom.  If  these  terms  be  applied  to  Petaloerinus,  the 
law  governing  the  branching  maybe  stated  thus  :  in  each  dicho- 
tom that  groove  is  first  to  branch  which  is  farthest 
from  the  median  axis  of  the  preceding  dichotom.  This, 
though  subject  to  minor  modifications  in  the  various  species,  is  the 
law  for  the  whole  genus.  It  is  but  another  mode  of  expressing 
the  law  that  governs  the  branching  of  all  primitive,  non-pinuulate, 
simply  dichotomous  arms,  and  is  the  regular  law  for  all  Cyatho- 
orinoidea  that  have  more  than  two  arm-branches.  On  p.  156  of 
'  The  Crinoidea  of  Gotland :  Part  I.,'  the  law  was  thus  expressed  : 
'the  series  towards  the  middle  of  each  dichotom  contain  more 
ossicles  than  the  outer  branches.'  The  facts  upon  which  the  law 
was  based  are  given  in  various  parts  of  that  paper,  and  on  p.  219  of 
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'  British  Fossil  Crinoids — VIII :  OyathoerinuSy  Ann.  Mag.  Nat.  Hist. 
ser.  6,  vol.  ix  (1892). 

In  P.  visbvcensis  the  bilateral  symmetry  of  the  arm-fan  is,  as 
shown  by  text-fig.  4,  more  subject  to  yariation.  This  is  due  partly 
to  the  fact  that  the  bifurcations  in  each  half  do  not  always  take 
place  at  the  same  leyel,  partly  to  the  different  number  of  branchings 
that  may  occur  in  each  division.  The  latter  difference  may  depend 
to  some  extent  on  the  different  ages  of  the  specimens ;  but  the  re- 
lation is  not  quite  regular,  since  the  levels  at  which  the  yarious 
branchings  take  place  vary  slightly  in  different  specimens.  Text- 
fig.  4  represents  actual  observed  stages  between  the  youngest  known, 
with  5  branches,  and  the  oldest  known  with  22.  This  shows  per- 
fect obedience  to  the  law  already  stated,  which  was  in  fact  inferred 
originally  from  this  very  diagram,  the  American  specimens  serving 
only  to  confirm  it. 

Fig.  4. — Diagram  showing  branching  of  grooves  in  arm-fan  of 
Petalocrinus  visbycensis. 


[The  letters  refer  to  the  specimens,  and  the  lines  drawn  across  represent  the 
distal  margin  of  each.  Thus  the  diagram  also  shows  the  stages  of  growth 
Since  the  right ^nd  left  halves  correspond,  except  in  P,  vusbycensis  (senior), 
the  line  is  only  drawn  half  way  across.] 

A  total  of  28  finiak  was  reached  by  P.  infeiior,  and  possibly  by 
P.  visbycensis  (senior).  P.  expansus  and  P.*  longus  also  have  28 
and  27  finials  respectively ;  but  in  their  case  the  high  number  is 
attained,  not  by  continuous  regular  dichotomy,  but  by  a  remarkable 
meristic  variation,  which  may  be  defined  as  the  addition  or  inter- 
calation of  another  half-fan.  This  is  fully  described  under  those 
species  (pp.  431  &  434).  I  cannot  recall  a  similar  variation  among 
Cyathocrinoidea,  but  certain  crinoids  in  which  the  arms  are  pinnu- 
late  and  normally  bifurcate  once,  oft^en  have  one  ramus  forking 
again,  so  that  the  arm  has  3  rami.  This  varies  in  individuals  and 
even  in  the  rays  of  an  individual.^  The  unique  type-specimens  of 
P.  eoppansus  and  P.  longus  may  therefore  be  abnormal  arm-fans ; 
but  their  specific  independence  depends  on  other  characters  than 
this  abnormality. 

*  A  case  of  this  kind  was  discussed  in  *  Brit.  Foss.  Orin. — V :  Botryocrinus,' 
Ann.  Mag.  Nat.  Hist.  ser.  6,  vol.  vii  (1891)  pp.  404-405. 
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The  sides  in  P.  visbyeensis  and  P,  angustus  are  not  quite  straight 
or  quite  corred,  but  follow  the  contoor  of  the  branching  arm 
(PL  XX Y,  fig.  31).  This  is  not  obvious  in  the  other  species;  but 
in  them  the  lateral  edges  are  rarely  well  enough  preserved  to  show 
it,  if  it  did  occur. 

The  ventral  surface  of  the  arm-fan,  taken  as  a  whole,  is  slightly 
convex ;  the  amount  of  convexity  varies  in  the  species  and,  to  some 
extent,  in  individuals  (PI.  XXV,  figs.  5, 12, 16,  30,  33,  &  PI.  XXVI, 
figs.  51,  65). 

The  dorsal  surface  has  a  slight  concavity  in  the  middle  region, 

corresponding  to  the  ventral  convexity ;  but  proximally  and  on  all 

the  margins  it  is  convexly  rounded  towards  the  edges,  except  where 

the  facet  comes.     In  P.  visbyeensis  portions  of  the  dorsal  surface 

are  often  raised  in  irregular  lumps  or  swellings,  apparently  due  to 

a  deposit  of  stereom  secondary  to  that  of  the  original  brachials  (see 

text-fig.  6,  p.  418).   This  secondary  stereom  is  often  arranged  in  Imes 

of  growth,  vaguely  concentric  with  the  distal  margin  (as  seen  in 

specimens  c,  d,  e,  PI.  XXV,  figs.  7  &  29),  and  it  is  covered  with  a  fine 

shagreen  ornament  (well  seen  in  c,  e,  g,  and  j,  PI.  XXV,  fig.  23). 

Towards  the  distal  margin  the  secondary  stereom  is  less  thick  or 

entirely  absent,  and  the  original  branching  of  the  arms  is  often 

shadowed  forth  on  the  back  by  slight  depressions;   this  is  well 

shown  in  the  young  specimen  g  (PI.  XXV,  fig.  2),  and  it  is  here 

seen  that  the  depressions  correspond  with  the  ridges  on  the  ventral 

surface.     The  secondary  stereom  appears  first  on  these  depressions ; 

its  successive  layers  did  not  cover  the  whole  of  the  preceding  ones, 

but  each  layer  was  more  distal,  so  that  an  imbrication  is  visible  in 

the  lines  of  growth,  the  later  and  more  distal  layers  overlapping 

the  earlier  proximal  ones.     On  the  dorsal  surface  of  specimen  e 

(PI.  XXV,  ^^,  7),  near  the  distal  margin,  is  the  valve  of  a  small 

Beyrichia ;  this  appears  to  have  become  partially  overgrown  around 

the  edges  by  the  secondary  deposit.     The  dorsal  surface  is  not 

risible  in  any  other  species,  except  P.  mirabilis  and  P.  longus^ 

and  in  them  there  is  no  eridence  of  growth-lines  or  shagreen 

ornament;  such  irregularity  as  occasionally  occurs  seems  due  to 

mineralization  and  weathering. 

Further  evidence  of  original  free  branching  is  afforded  by  the 
distal  margin.  This,  in  many  specimens,  instead  of  forming  a 
regular  curve,  is  slightly  excavate  or  depressed,  either  in  the  medial 
region  between  the  two  halves  of  the  arms  (as,  for  example, 
P.  visbyeensis,  specimen  f,  PI.  XXV,  fig.  4 ;  P.  mirabilis,  specimen  1, 
PI.  XXVI,  fig.  52;  P.  expansus,  PI.  XXV,  fig.  34;  P.  angustus, 
PI.  XXV,  ^^.  31),  or  in  each  half,  in  the  axis  of  the  second  dichotom 
(as,  for  example,  P.  visbyeensis,  specimen  w),  or  more  irregularly 
(as  P.  visbyeensis,  specimen  b).  Thus  a  slightly-lobed  outline 
is  often  seen  in  P.  visbyeensis,  but  hardly  at  all,  and  never  to  so 
great  an  extent,  in  P.  mirabilis.  This  lobation  is  merely  an  exag- 
geration of  what  is  seen  in  many  specimens  of  P.  visbyeensis  and 
some  of  P.  mirabilis,  namely,  fine  indentations  at  the  distal  ends  of 
the  ridges.  This  is  not  to  be  confused  with  the  slight  crenulation 
or  scallopping  of  the  distal  edge  due  to  the  accentuation  of  the 


Digitized  by 


Google 


414  XB.  F.  A.  BATHBB  09  PSTALOCBINTrS.  [Aug.  1 898, 

distal  ends  of  the  grooyes  by  weathering,  a  process  that  destroys  the 
indentation  of  the  ridges.  This  indentation  is  continuous  with  the 
depressions  on  the  dorsal  surface,  and  also  passes  on  to  the  distal 
ends  of  the  ventral  ridges,  even  when  the  ridges  themselves  are 
narrow  and  rounded  for  the  greater  part  of  their  course.  A  well- 
preserved  distal  margin  of  an  arm-fan  thus  reminds  one  of  the  edge 
of  a  roof  formed  of  concave  tiles,  yj\/\j\jKj.  When  the  ridge  is 
broad,  the  depression  often  passes  for  some  distance  along  its  ventral 
surface,  making  it  slightly  concave. 

There  is  considerable  variation  in  the  width  of  the  ventral  ridges, 
both  absolutely,  and  relatively  to  the*  grooves.  Thus  in  P.  longus 
some  ridges  are  almost  knife-edged  (or,  as  will  be  seen,  it  would  be 
better  to  say  *  saw-edged'),  having  in  parts  a  width  of  *2mm.;  while 
in  P.  expantus  a  width  of  1*9  mm.,  nearly  10  times  as  much,  has 
been  noted.  There  is  variation,  not  only  between  species,  but 
between  individuals  of  a  species,  between  ridges  of  an  individual, 
and  between  different  regions  of  the  same  ridge.  This  is  exemplified 
by  the  following  study  of  P.  visbyeensis : — First,  in  each  individual, 
while  the  grooves  remain  of  approximately  the  same  width,  only 
tapering  gradually  distalwards,  the  ridges  widen  distalwards  up 
to  each  branching,  when  they  rapidly  become  narrow  again :  this 
is  well  shown  in  g  and  h  (PI.  XXY,  figs.  1  &  8).  Again,  in  some 
individuals  the  ridges  are  far  wider  than  in  others.  Thus  in  j 
the  ridges  are  quite  sharp  in  appearance,  varying  in  width  from 
*2  to  *6  mm.,  while  the  normal  width  of  the  grooves  tapers 
from  about  -7  to  *5  mm.  In  e  the  ridges  are  of  about  the  same 
width  as  in  j,  but  they  are  not  so  high,  and  the  grooves  are  not  quite 
so  wide,  so  that  the  ridges  do  not  seem  so  sharp  (PI.  XXV,  fig.  6). 
In  c,  the  width  of  the  ridge  varies  from  -4  to  1  mm.,  while  the 
normal  width  of  the  grooves  is  about  '5  mm.  In  p,  the  width  of 
the  ridges  varies  from  '5  to  *9  mm.,  and  the  normal  width  of  the 
grooves  is  also  '9  mm.  (PI.  XXV,  fig.  9).  The  greatest  width  of  a 
ridge  found  is  in  the  fragment  lettered  m,  where  the  width  of  the 
ridges  between  the  outer  IVBr  on  each  side  attains  1*5  mm. ;  the 
width  of  the  grooves  at  this  level  is  '75  mm. 

Since  the  sides  of  the  grooves  slope  inwards,  it  might  be  suggested 
that  this  variation  in  the  width  of  the  ridges  of  different  specimens 
was  due  to  the  greater  or  less  wearing  down  of  the  specimens ;  but 
this  is  negatived  by  the  preservation  of  notches  for  the  covering- 
plates,  as  described  in  the  sequel.  It  might  also  be  thought  that 
some  variation  was  due  to  the  different  ages  of  the  specimens :  if 
the  arms  were  not  fused  together,  then  the  sides  of  the  proximal 
brachials  would  undoubtedly  grow  wider  at  the  same  time  as  the 
whole  arm  increased  in  length ;  and  the  corresponding  mode  of 
growth  in  Petalocrinus  would  be  an  increase  in  the  width  of  the 
ridges  by  intussusception.  A  comparison  of  young  specimens  with 
old  does  not,  however,  lend  colour  to  this  supposition ;  the  ridges 
and  grooves  at  their  first  appearance  have  a  width  similar  to  that 
obtaining  in  more  developed  specimens.  For  instance,  in  the  young 
specimen  a,  the  width  of  a  ridge  is  actually  half  as  great  again  as 
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in  the  muoh  older  specimen  e ;  while  the  width  of  the  ridges  and 
grooves  in  g  is  as  great  as,  or  greater  than,  in  f  and  e  (PI.  XXY, 
figs.  1,  4,  &  6).  The  difference  in  size  that  does  come  abont  is  in 
the  width  of  thd  facet,  and  to  a  less  extent  in  the  width  of  the 
grooves  of  the  I  and  II  Br.  This,  however,  is  produced  purely  by 
lateral  accretion  :  there  is  no  intussusception,  nor  even  any  absorp- 
tion of  stereom;  as  the  facet  widens,  so  also  the  outer  ridges 
increase  in  width  and  height  at  their  proximal  ends. 

The  narrower  ridges  appear  to  have  rounded  upper  surfaces ;  but 
the  broader  ridges  are  flat  or  slightly  concave,  and  their  edges 
appear  sharp  and  square.  The  variation  in  the  ridges,  as  between 
species,  will  be  more  fittingly  discussed  under  the  heads  of  the 
species  themselves. 

Mention  has  just  been  made  of  covering-plates  (ambulacrals). 
None  have  yet  been  found  in  any  of  the  Gotland  species.  It  is  just 
cx)nceivable  that  a  minute  mass,  apparently  of  stereom,  that  seems 
to  roof  over  a  little  piece  of  one  groove  in  P.  longus  may  represent 
one  or  two  such  plates  (see  p.  433).  They  certainly  are  not  preserved 
in  any  other  of  the  American  specimens.  Frequently,  however,  one 
can  distinguish,  along  the  sides  of  the  grooves,  notches  apparently  for 
their  reception.  The  following  description  applies  to  P.  visbycensis,  in 
which  the  notches  were  first  observed  and  studied.  In  the  flattened 
ridges  they  are  not  visible  from  above,  but  when  the  ridges  are 
viewed  from  the  side,  with  a  strong  light  directed  down  the  groove?, 
then  the  notches  can  be  seen  immediately  under  the  straight  edge 
of  the  ridge.  Of  these  notches  4|  go  to  1  mm.  in  specimen  p 
(PI.  XXV,  fig.  25),  In  the  forms  with  narrower  rounded  ridges 
the  notches  are  visible  from  above,  since  they  lie  on  the  edges  of  the 
ridges.  In  specimen  e  about  4  notches  go  to  1  mm.  (PL  XXV, 
fig.  24).  The  notches  on  one  side  of  a  ridge  alternate  with  those 
on  the  other  side,  and  it  appears  also  that  the  notches  on  one  side 
of  a  groove  alternate  with  those  on  the  other  side.  This  alternating 
arrangement  would  be  a  natural  outcome  of  the  alternation  of 
the  covering-plates.  We  infer,  then,  that  there  were  ambulacrals 
alternating  as  usual,  with  a  width  of  '25  or  '22  mm.,  and  some- 
what closely  articulated  to  the  sides  of  the  arm-groove.  Their 
absence  in  the  case  of  arms  that  could  not  be  folded  up,  that 
became  separated  from  the  calyx  after  death,  and  that  lay  about  on 
the  sea-floor,  is  nothing  more  than  is  usual. 

Notches  for  covering-plates  are  also  seen  in  P.  ayif/uattis,  where 
they  are  very  clear  (Pi.  XXV,  figs.  26  &  27),  in  P.  mirabilis,  where 
they  are  usually  obscure  (PL  XXVI,  fig.  66),  and  in  P.  lotu/us, 
where  they  are  seen  most  clearly  on  the  thin  regions  of  the  ridges, 
and  give  them  a  saw-like  appearance  (PL  XXVI,  figs.  61  &  62).  A 
rabbet  or  ledge,  apparently  for  the  support  of  the  covering-plates, 
is  occasionally  to  be  distinguished  a  little  below  the  ventral  edge 
of  a  ridge  ;  as,  for  example,  in  P.  longus  (PL  XXVI,  fig.  62), 

In  P.  mirabilis  f  1,  the  arm  numbered  ii  has  lost,  in  its  right- 
hand  half,  a  portion  of  the  floor  of  the  grooves,  thus  exposing  what 
lay  on  the  ventral  surface  of  the  arm.     Here  are  seen  some  eighteen 
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clearly-outlined  dopressione,  apparently  the  traces  of  plates.  A 
wax  squeeze  (Pi.  XXVI,  fig.  47)  indicates  that  they  are  coveriog- 
plates  alternating  over  the  grooves,  and  resting  on  their  edges  in 
such  a  way  that,  if  continued,  the  whole  ventral  surface  of  the  arm- 
fan  would  have  been  covered  by  a  plating  of  minute  alternating 
ambulacrals.  They  do  not  form  quite  regular  biserial  rows,  but 
occasional  smaller  plates  appear  intercalated. 

At  the  proximal  end  of  the  arm-fan  is  a  well-marked  facet*  which 
in  P,  mirahilis  we  know  to  be  for  articulation  with  the  preceding 
IBr^ ;  in  other  species  there  may  have  been  more  IBr,  or  the  arm- 
fan  may  have  articulated  immediately  with  the  radial,  but  neither 
of  these  suppositions  is  probable.    The         t?-     r      t>     i 
following  description  applies  to  P.  vis-        "IJ?-  ^.— Petalocrinus. 
iycmm    (PI.    XXV,   figs.    16-22,    &         Diagram  of  arm-faceL 
text-fig.  6).      The  plane  of  the  facet  v  P  I N        R/ 

forms,  with  the  plane  tangential  to  the  -.  \  Ug:  I  a.cjr 
main  surface  of  the  arm,  an  angle  of 
SS''  in  f,  60^  in  j,  61*^  in  g,  65<^  in  c. 
and  69°  in  d.  The  facet  is  bounded 
above  by  a  straight  line,  merging  at 
either  end  into  angular  processes  formed 
by  the  ends  of  the  outer  side-walls  of 
the  outermost  grooves.  This  line  marks 
the  widest  part  of  the  facet.  The  dorsal 
contour  is  a  curve,  circular  or  elliptical 
according  to  the  ratio  of  depth  to  width  of  the  facet,  which  ratio,  as 
shown  by  the  measurements  in  the  table  (p.  422),  varies  from  ^  to  |. 
In  the  median  vertical  line  of  the  facet,  about  \  the  distance  from  the 
ventral  margin,  opens  the  axial  canal  (a.c.  in  text-fig.  5).  In  well- 
preserved  adult  specimens  the  lower  margin  of  the  facet  is  raised  in 
a  slight  rim.  From  the  axial  canal  down  towards  this  rim  run  two 
strongly-marked  but  short  ridges,  each  at  an  angle  of  about  45^  with 
the  vertical  (r  in  text-fig.  6).  The  ridges  are  broad,  and  their  upper 
surfaces  are  seen  in  d  to  slope  slightly  inwards  to  the  median  line  of 
the  facet.  There  are  thus  marked  out  on  the  facet  three  depressed 
areas,  of  which  the  median  dorsal  one  {I  in  text-fig.  6)  is  the 
deepest,  and  by  homology  with  recent  crinoids  may  be  regarded 
as  the  ligament^fossa.  The  two  lateral  areas  (m  in  t.ext-fig.  5)  are 
separated  one  from  another  by  a  very  slight  elevation  ventral  to 
the  axial  canal,  and  may  be  called  muscle-fossae.  The  ridges  are  less 
marked  in  the  young,  but  the  fossae  can  always  be  distinguished. 

This  form  of  facet  may  be  compared  with  the  trifascial  articula- 
tion between  certain  brachials  of  Baihycrinus}  It  seems  to  follow 
from  it  that  the  arm-fan  was  not  capable  of  much  movement  in  the 
vertical  plane  normal  for  other  crinoids  (N  in  text-fig.  5);  indeed, 
such  movement  was  hardly  needed,  since  the  rigid  fans  could  not 
have  folded  up  over  the  tegmen,  and  would  also  have  got  in  each 
other's  way  if  vertically  depressed  beneath  a  certain  level.  On  the 
other  hand,  this  articulation  lent  itself  to  movement  towards  right  or 

*  Se«  P.  H.  Carpenter,  Challenger  Report  on  Stalked  Crinoids  (1884), 
pp.  8  &  9. 
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left  in  a  plane  inclined  45^  to  the  vertical  (P,  P  in  text-fig.  5) ; 
and  it  was  perhaps  in  this  way  that  the  arms  closed. 

In  P,  mirahilis  the  facet  has  a  similar  structure,  but  the  petrifying 
processes  have  not  preserved  it  so  perfectly.  It  is  seen  in  specimens 
e  and  b  (PI.  XXVI,  fig.  63),  and  its  single  axial  canal  is  visible  from 
the  interior  of  the  arm-fan  in  that  arm  of  specimen  c  which  is 
numbered  iv.  The  better  preserved  crowns  of  this  species  confirm 
the  foregoing  inferences  from  the  structure  of  the  facet.  The 
normal  position  of  the  armsis  sbown  in  d  (PI.  XXVI,  fig.  38) ;  they 
spread  out  almost  regularly  from  tbe  cup,  in  such  a  way  that  no 
part  of  the  fan  rises  above  the  tegmen,  but  the  convex  curve  brings 
their  distal  ends  fully  2  mm.  below  the  base  of  tbe  cup.  In  f  2 
(PI.  XXVI,  fig.  37)  the  concavity  of  the  crown  in  its  dorsal  aspect 
is  still  greater :  the  width  of  the  crown  is  16  mm.,  and  the  arm- 
fans  bend  to  2  mm.  below  the  base ;  the  height  of  the  cup  being 
2  mm.,  the  total  depth  of  the  curve,  from  arc  to  chord,  is  4  in  15. 
In  many  specimens  one  arm-fan  often  overlaps  another  on  one  of  its 
sides  :  specimen  g  (text-fig.  1,  p.  401)  shows  arm-fan  i  overlapping 
arm-fan  ii ;  in  specimen  d  (PI.  XXVI,  fig.  38),  arm -fan  i  overlaps 
arm-fan  v ;  in  specimen  f  1  (PI.  XXVI,  fig.  46),  arm-fan  iii  over- 
laps ii.  The  appearance  suggests  a  screw-propeller,  and  in  life  this 
resemblance  may  occasionally  have  been  still  greater. 

The  opening  of  the  axial  canal  in  the  facet  is,  as  a  rule,  single 
and  circular,  as  in  P.  mirahilis^  specimen  e.  But  in  P.  mirahilis^ 
specimen  b,  the  axial  canal  is  rather  wider  than  high,  while  in 
the  type  of  P.  longus  it  appears  as  though  split  in  two  vertical 
slits,  which  lie  in  a  slight  depression  (PI.  XXVI,  fig.  69).  These 
appearances  are  emphasized  in  two  specimens  of  P.  visbycensis 
(i  &  m),  the  proximal  ends  of  which  have  considerable  interest. 
Specimen  i  (PL  XXV,  fig.  21)  may  have  been  affected  by  weather- 
ing, but  of  fracture  there  are  no  traces ;  in  it  two  of  the  ventral 
grooves  come  right  to  the  proximal  end :  in  fact,  one  might  oven 
say  that  four  grooves  come  to  the  edge  of  the  facet.  Consequently 
two  axial  canals  are  visible,  underlying  the  two  grooves  of  the 
first  dichotom.  In  the  middle  of  this  facet  is  a  rather  sharp 
vertical  depression,  which  corresponds  to  the  middle  of  the  median 
ventral  ridge,  and  is  prolonged  for  3  mm.  on  its  upper  surface 
as  a  distinct,  though  slight  and  not  quite  continuous,  groove.  In 
m  (PL  XXV,  fig.  22)  it  is  clear  that  the  abnormality  has  not  been 
produced  either  by  weathering  or  fracture,  but  that  the  proximal 
end  has  a  natural  surface  of  union.  This  surface  is  shaped  like 
a  facet,  but  broader  (3  mm.  wide,  and  1'5  mm.  from  the  bottom 
of  the  grooves  to  the  dorsal  margin) ;  and  the  augle  which  it  makes 
with  the  ventral  surface  of  the  fan  is  similar  to  that  of  an  ordinary 
facet.  Four  ventral  grooves  come  right  up  to,  and  are  cut  short  at, 
its  ventral  margin,  and  below  each  of  these  opens  an  axial  canal. 
Dorsal  to  the  lino  of  the  four  axial  canals  is  a  very  slight  elevation, 
hardly  to  be  called  a  ridge,  while  between  this  and  the  outer  rim  is 
a  slight  depression.  It  is  probably  a  correct  description  of  this 
abnormality  to  say  that  the  arm  has  broken  off  along  the  suture 
between  certain  of  the  IIIBr ;  and  one  infers  from  the  regularity 
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of  the  curve  that  the  brachials  were  arranged  in  regularly  concentric 
rings,  just  as  they  are  in  CrotahcrinuSj  and  in  the  proximal  series 
of  Enallocrirfos punciatus  and  Oissocrinus  campanula  (see  ^Crinoidea 
of  Gotland,  1/  pi.  ix,  fig.  294). 

The  axial  canals  are  thus  ijroved  to  branch  with  the  ventral 
grooves,  and  to  extend  with  them  at  least  as  far  as  the  III  Br. 
That  they  continue  to  run  along  to  the  distal  ends  of  the  grooves, 
even  of  adult  specimens,  has  been  proved  by  study  of  F,  visbycensis. 
First,  transverse  sections  made  by  grinding  (specimen  n,  PI.  XXV, 
fig.  11  &  text-fig.  6),  or  natural  cleavage-fractures  across  the  arm- 
fan  in  more  distal  regions  (specimens  j  &  p,  PI.  XXV,  fig.  10),  enable 
one  to  sec  the  axial  canals,  usually  as  dark  spots,  underneath  the 
grooves.  Secondly,  some  specimens  (such  as  h  and  i,  PI.  XXV, 
fig.  8),  when  seen  from  above,  show  holes  through  the  floor  of  the 
ventral  grooves  into  the  underlying  axial  canals.  Thirdly,  in  grind- 
ing the  horizontal  section  (specimen  w,  text-fig.  7),  one  could,  in 


Fig.  6. — Petalocrinus  visbycen- 
isis.  Series  of  sections  across  the 
proximal  end  of  specimen  n. 

I 


Fig.  7. — Petalocrinus  visbycen- 
sis.  Horizontal  section  of  arm- 
fan^  specimen  w. 


rxf^^^^^J^. 


I  id  the  most  proximal,  IV  the  most 
didUl. 

v.f/.,  ventral  groove ;  a.c,  axial  canal ; 
s,  trafo  of    original    suUire  between 
arm-branches;  5^, secondary  stereom. 
The  actual  appearance  of  a  stage  in 
grinding  slightly  more  di«tal  than  IV 
is  shown   in  PI.  XXV,  fig.  11.     The 
course  of  the  grooves  is  shown  in  text- 
fig.  8,  n  (p.  423).     Magnified  about 
iO  liam. 


The  lighter  parts  represent  the  trane- 
luoent  stereom  ;  tue  broad,  branch- 
ing, darker  parts  (f.^)are  the  Tentral 
grooTes,  or  grooves  -f  axial  canals, 
filled  with  matrix ;  the  light  mark- 
ings (A)  in  the  middle  of  some  of 
these  latter  represent  portions  of 
the  stereom  bridging  over  the  axial 
canals  ;  the  dark  markings  (jt)  are 
the  pigmente'd  traces  of  the  stroma 
originally  filling  the  sutures  be- 
tween the  arm-branches.  The  misty 
appearance  of  the  middle  of  the 
drawing  shows  that,  owing  to  the 
curvature  of  the  fan,  the  above- 
mentioned  structures  liere  givf  place 
to  the  dorsal  stereom.  Jjra\iu  by 
Mr.  G.  Weuman.     [  x  4  diam.] 
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places,  distinguish  the  dark  lines  caused  by  axial  canals,  which  were 
ground  through  from  the  dorsal  side  before  the  ventral  grooves 
themselves  were  reached.  Sometimes,  however,  towards  the  distal 
margin,  it  appears  that  the  canals  were  not  completely  separated 
from  the  grooves,  this  separation  being,  as  is  usual  among  Inadunata, 
a  subsequent  process  caused  by  stereom  growing  in  from  either 
side  and  meeting  in  the  middle  so  as  to  shut  off  the  axial  nerve 
from  the  other  organs  contained  in  the  ventral  groove.  This  is 
prettily  shown  by  the  broken  surface  of  specimen  p  (PI.  XXV, 
fig.  10).  Here  the  canals  on  the  right  are  cut  across  more  prozi- 
mally  than  those  on  the  left.  Canal  i  is  completely  closed  in ;  ii 
is  also  closed  in,  but  there  can  be  seen  at  the  bottom  of  the  ventral 
groove  a  little  notch  indicating  the  line  along  which  the  two  halves 
of  the  stereom-bridge  have  met ;  iii  is  less  far  advanced,  in  that 
the  stereom-bridge  is  only  about  halfway  across ;  while  in  iv  the 
axial  canal  is  only  distinguishable  as  a  narrower  U-shaped  tongue 
at  the  bottom  of  the  ventral  groove.  These  stages  may  be  compared 
with  various  figures  of  brachials  of  Oissocrinus  given  in  *  The  Cri- 
noidea  of  Gotland,  I,'  as,  for  example,  stage  ii,  with  figs.  289,  299, 
338,  &  358 ;  stage  iii,  with  figs.  270  &  333 :  stage  iv,  with  figs.  300, 
31 1, 319,  332,  &  366.  Many  specimens  show  a  line  along  the  floor 
of  the  grooves,  caused  by  the  imperfect  union  of  the  two  sides 
of  the  stereom-bridge.  On  the  other  hand,  the  bridge  sometimes 
appears  to  rise  a  little  along  the  middle  line,  so  that  in  the 
horizontal  section  a  thin  strip  of  the  stereom  (6  in  text-fig.  7, 
p.  418)  appears  to  lie  in  the  middle  of  the  ventral  groove. 

These  conclusions  are  confirmed  by  specimens  of  other  specie?. 
In  the  type  of  P,  angustus  the  proximal  end  is  broken  and  shows 
two  axial  canals,  which,  however,  are  rather  wide,  since  they  aie 
just  branching  into  four.  In  P.  mirabilis,  specimen  d  2,  the  distal 
ends  of  the  grooves  have  a  section  like  that  of  groove  iv  in  PL  XXV, 
fig.  10  (PL  XXVI.  fig.  44).  The  type  of  P.  hngus  shows  the  canals 
coming  to  light  on  the  distal  margin,  the  line  on  the  floor  of  the 
ventral  groove,  and  the  breakings  through  the  floor  of  the  groove 
(PL  XXVI,  fig.  64).  The  axial  canals  were  not  mentioned  in  the 
original  description  of  the  genus. 

In  describing  the  facet  of  P.  visln/eensis^  specimen  i,  mention  was 
made  of  a  sharp  median  vertical  depression,  continued  on  to  the 
median  ventral  ridge.  The  meaning  of  this  may  be  gathered  from 
the  horizontal  section  of  w  (text-fig.  7).  In  this  are  plainly  visible 
fine  dark  lines  running  along  the  middle  of  the  ridges.  These 
doubtless  represent  the  original  spaces  between  the  primitively 
independent  arm-branches ;  in  other  words,  the  sutures  along  which 
they  fused.  The  suture  («)  is  more  pronounced  in  the  median  ridge, 
that  is,  between  the  two  main  divisions  of  the  arm.  Here  also  one 
sees  evident  traces  of  it  in  P,  visbycensis^  specimen  n ;  and  consecu- 
tive transverse  sections  showed  its  gradual  commencement  and 
increase  in  size  distalwards  (text-fig.  6).  In  P.  angtuhis  the  ridges 
are  marked  along  their  middle  lines  by  dots  of  black  pigment, 
which  appear  to  be  traces  of  the  original  connective  tissue  along  the 
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Butures  between  the  liranches.   These  dote  are  not  shown  in  PL XXV, 
fig.  31,  which  aims  at  reprcbenting  form  alone. 

The  Stem  is  known  only  in  P.  mirahUis,  A  single  oolnmnal 
attached  to  the  cup  is  seen  in  specimens  a,  d,  and  £2,  but  is  quite 
obscure  in  the  two  latter.  In  a  (PL  XXVI,  ^g,  42)  it  appears  to 
be  subangular,  but  the  direction  of  the  angles  is  not  easy  to  deter- 
mine owing  to  the  irregularity  of  the  silicitied  surface ;  it  is  quite  a 
low  ossicle,  with  a  width  of  about  1  mm. ;  its  lumen  is  very  small, 
and  appears  obscurely  pentagonal  with  radial  angles.  In  specimen  c 
the  dorsal  cup  is  covered  by  very  hard  matrix,  consisting  of 
silicified  crinoid  fragments.  Above  the  abaotinal  centre  is  seen  the 
articular  surface  of  a  columnal,  similar  to  those  of  a,  d,  and  £2,  and 
certainly  belonging  to  this  crown.  Apparently  it  is  subpentagonal 
with  interradial  angles,  but  the  edges  are  rounded  and  irregular,  so 
that  one  cannot  feel  certain  as  to  this  point.  The  diameter  of  this 
columnal  is  1  mm. ;  the  diameter  of  it«  lumen  '25  mm.  At  4*5  mm. 
from  here,  lying  interradially,  between  the  arms  numbered  i  and  ii, 
are  five  columnals,  still  united  one  to  another,  and  connected  with 
the  central  one  by  fragments  of  others  (PL  XXVI,  fig.  60).  The 
length  of  the  fragment  of  five  is  6*2  mm. :  that  is,  the  height  of  a 
columnal  is  1*04  mm. ;  its  width  is  1  mm.  Another  columnar  frag- 
ment of  five  ossicles  lies  in  a  radial  direction  at  the  distal  margin 
of  the  arm  numbered  ii ;  its  measurements  are  similar  to  those  of 
the  other  fragment.  A  few  other  columnals  of  similar  appearance, 
but  much  worn,  are  scattered  in  the  neighbourhood.  Although 
there  are  remains  of  at  least  one  other  crinoid  genus  close  by,  these 
columnals  are  shown  by  their  size  and  position  to  belong  to  the 
individual  of  Petalocrinus,  In  this  case  the  stem  cannot  possibly 
have  been  less  than  22  mm.  long ;  but  it  was  probably  longer,  since 
the  width  of  the  crown  is  33  mm.  The  columnals  in  the  first 
fragment  of  five  show  a  marked  depression  at  half  the  height,  as 
though  each  columnal  had  been  formed  by  the  fusion  of  two.  The 
sutures  are  slightly  and  irregularly  crenulate.  The  articular 
surface  of  one  of  the  scattered  columnals  (PL  XXVI,  fig.  49)  shows 
radiating  striae ;  others  are  smoother,  with  slight  depressions 
( PL  XXVI,  ^%,  48),  sometimes  giving  a  subpentagonal  outline  to 
the  articular  surface,  which  normally  is  circular. 

The  orientation  of  the  angles  of  the  stem  and  of  ite  lumen  in  all 
these  specimens  can  hardly  be  determined  with  sufficient  certainty 
to  base  on  it  any  argument  as  to  the  presence  or  absence  of  infra- 
basals ;  but  there  certainly  is  nothing  in  the  appearance  that  conflicts 
with  the  idea  that  the  crinoid  had  a  dicyclio  or  pseudo-monocyclic 
base,  with  the  downward  prolongations  of  the  chambered  organ 
radial  in  position. 

V.  Systematic  Description  op  Geitus  and  Species. 

While  it  is  possible  to  include  in  our  generic  diagnosis  the 
characters  of  the  calyx,  which  was  probably  the  same  in  all  species, 
the  deficiency  of  material  prevents  us  from  basing  the  diagnoses  of 
the  species  on  more  than  the  arm-fans.     This,  it  is  probable,  conceals 
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no  great  error,  since  experience  teaches  that  in  highly-modified 
genera  or  families  (as,  for  example,  Herpetocrinus,  Calceoorinidaj, 
Eucalyptocrinidae),  the  structures  in  which  greatest  differences 
between  species  are  manifest  are  those  in  which  the  principal  modi- 
fications characterizing  the  genera  have  taken  place.  This  statement 
does  not  apply  (under  classifications  based  on  the  premisses  usually 
accepted)  to  genera  in  the  beaten  track,  that  do  not  diverge  widely 
from  the  common  path  (such  as  CyathocrinuSy  Pentacrinus,  and 
PUttycrinus),  for  in  them  the  criteria  are  usually  small  differences 
of  ornament  or  of  measurement,  to  human  intelligence  often 
unimportant,  and  stigmatized  as  *  useless  characters.' 

species  of  this  latter  type  owe  their  differentiating  features,  in 
many  cases,  to  difference  of  ancestry.  They  go  in  crowds,  each 
heterogeneous  in  origin,  but  moulded  to  a  generic  pattern  by  common 
conditions,  and  passing  sheep-like  from  the  fold  of  one  genus  into 
that  of  another.  Species  of  the  former  type  belong  to  a  vigorous 
and  sportive  strain,  started  in  a  few  individuals,  and  speedily  over- 
leaping the  barriers  of  the  fiock ;  the  essential  features  of  the 
ancestor  are  preserved,  and  the  race,  after  running  rapidly  through 
its  extravagant  changes,  becomes  extinct,  as  though  its  energy  were 
spent.  The  variations  produced  have  been  of  no  advantage ;  they 
have  broken  against,  rather  than  been  shaped  by,  the  inevitable 
shears  of  selective  circumstance. 

Applictation  of  the  foregoing  to  the  aberrant  Petalocrinus  suggests 
that  the  arms,  as  they  are  the  structures  most  divergent  from  the 
normal  crinoid  type,  will  also  be  those  in  which  variations  suitable 
for  discriminatiou  of  species  are  likeliest  to  occur. 

For  the  present,  ordinal  and  family  characters  need  not  be  dis- 
cus:>ed,  but  the  differentiating  features  of  PekdocriniM,  described  at 
length  in  the  preceding  pages,  may  be  formulated  in  the  following — 

Generic  Diagnosis. — Base  dicyclic ;  IBB  minute  (probably 
fused  to  3) ;  BB  5  ;  KR  5.  Arms  inadunate,  distinct ;  each  com- 
l>osed  of  IBrp  united  to  R  by  perforate  articulation,  and  an  arm-fan, 
similarly  united  to  IBr,  and  formed  by  the  anchylosis  of  all  dorsal 
elements  of  a  non-pinnulate  dichotomous  arm  from  lax  onward. 
Tegmen  solid,  containing  5  large  iAmb  (= deltoids  or  orals).  SStem 
subcircular  in  section. 

Genotype :  P.  mirabilis, 

P.  visbycensis,  n.  sp. 
(PI.  XXV,  figs.  1-25.) 

Angle  of  arm- fan  70°  to  93°,  usually  80°  to  85° ;  fan  bilaterally  sym- 
metrical in  shape,  but  not  quite  so  in  arrangement  of  grooves ;  finials 
10  to  22;  ventral  surface  of  fan  gently  convex ;  dorsal  surface  slightly 
toncave,  with  growth-lines  and  shagreen  ornament ;  ridges  usually 
as  wide  as,  or  rather  less  wide  than  the  grooves,  often  fiat-topped. 

Ty pe :  Specimen  e,  Riksmuseum,  Stockholm  (PI.  XXV,  figs.  6, 6, 
7,  17,  23  &  24).     Paratypes  in  Riksmuseum  and  British  Museum. 

Locality  :  Shore  north  of  Wisby  (Gotland). 

Horizon  :  Lower  Silurian  (as  explained  on  p.  403).  Beds  b  & 
c  of  lindstrom. 
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Fig.  8. — Petalocrinus  visbycensis.     Tracings  of  arm-fans^ 
partly  restored.     {Nat,  size,) 


Notes  on  the  specimens  of  which  measurements  are  tabulated  on  p,  4^2, 

a.  llie  four  adrnedian  finials  are  only  just  beginning. 

b.  The  distal  edge  is  curiously  lobed,  not  by  fracture,  and  the  median  ridge  is 

not  in  the  line  of  greatest  length. 

c.  There  may  have  been  more  than  eighteen  finials.     The  thickness  about  the 

middle  of  the  arm-fan  is  1*3  mm. 

d.  The  distal  margin  is  irregular,  perhaps  imperfect.    This  may  account  for 

the  uneven  number  of  branches. 

e.  A  perfect  specimen  ;  the  Type. 
f^  A  perfect  specimen. 

%•      fi  *t 

h.  Bestored  in  the  drawing.    The  number  of  brachials  may  well  have  been  18. 

i.  Much  weathered,  both  at  the  ends  and  sides. 

j  is  broken  at  the  distal  end,  so  that  measurements  of  length  cannot  be  given. 
Twenty  branches  can  be  seen  ;  there  may  hare  been  more.  The  thick- 
ness about  the  middle  of  the  arm-fan  is  21  mm. 

k  is  weathered  and  rounded,  and  the  facet  quite  lost. 

1  has  lost  its  facet  and  a  bit  of  its  right-hand  distal  comer  (left-hand  as  seen  in 
the  drawing). 

m  is  broken  at  the  distal  end,  and  the  proximal  end  appears  to  constitute  an 
abnormal  facet. 

s  has  lost  the  distal  right-hand  quarter. 

V  has  loet  the  distal  left-hand  quarter. 

X  lies  on  the  matrix,  so  that  only  the  ventral  surface  is  exposed ;  it  is  slightly 
worn  all  over,  especially  towards  the  margins. 

So  complete  a  descripfcioa  of  the  ann-fan  of  P,  visbycensis  has 
been  given  under  the  bead  of  general  anatomy  that  repetition  is 
needless. 

Relations  to  otber  Species. — Tbe  only  species  with  wbich 
the  present  one  is  likely  to  be  confused  are  P.  mirabilis  and  P,  infe- 
rior. Were  it  not  for  the  shagreen  ornament  and  growth-lines,  not 
always  clearly  seen  even  in  P.  visbycensis,  and  perhaps  only  absent 
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from  p.  mtrafnlis  in  consequence  of  the  mode  of  preservation,  one 
might  perhaps  hit  upon  an  arm-fan  of  P,  visbycerms  indistinguishable 
from  one  of  P.  mirabilis.  This  led  me  at  first  to  regard  both  as  a 
single  species,  and  as  differing  mainly  in  the  manner  of  f  ossilizution. 
More  careful  study  and  more  material  has  shown  that,  not  only  are 
the  limits  of  variation  in  the  Gotland  specimens  much  wider  than  in 
those  from  America,  but  the  norm  (the  acme  of  the  variation-curve, 
the  mode,  as  Prof.  Earl  Pearson  calls  it)  is  different  in  each  set. 
This  important  fact  once  brought  out,  should  not  be  obscured  by 
confusing  the  two  groups  under  one  name. 

No  adult  specimen  of  P.  vishycensis  is  known  to  have  more  than 
22  finials,  whereas  the  type  of  P.  inferior  has  28.  This,  with  the 
differing  convexity,  is  quite  enough  to, distinguish  the  species,  so  far 
as  present  material  permits  a  judgment  to  be  formed. 


P.  visbycensis  (senior) . 
(PI.  XXV,  figs.  12-16  ;  text-fig.  9.) 

Angle  of  arm-fan  about  83° ;  fan  bilaterally  symmetrical  in  shape, 
but  the  distal  branches  do  not  correspond  in  the  two  halves ;  finiab 
24  to  28  (?) ;  ventral  surface  gently  convex,  less  so  than  in  normal 
P.  visbycensis ;  dorsal  surface  not  seen  ;  ridges  for  the  most  part 
wider  than  the  grooves  and  tiat-topped. 

Type:  Unique  specimen  in  Riksmuseum,  Stockholm. 

Locality:   Westergarn  (Gotland). 

Horizon  :  Lower  Silurian  ;  upper  part  of  bed  c  of  Lindstrom. 

Measurements  of  Specimen. — Length  from  ventral  edge  of 
facet,  along  middle  ridge,  25 '25  mm.  Greatest  length,  which  is  in 
the  right  (left  in  ventral  aspect)  arm-branch,  27  mm.  Length  of 
side,  25  mm.  Width,  from  median  ridge  to  right  (left  in  ventral 
aspect)  side,  15*5  mm. ;  this  doubled  would  be  31  mm.,  but  in 
consequence  of  the  loss  of  the  distal  edge  of  the  left  side,  the  actual 
width  is  29-6.    Width  of  facet,  about  4  mm.    Depth,  about  2*25  mm. 

Number  of  finials :  in  the  left  arm-branch  11,  possibly  12,  but 
since  the  dintal  margin  of  this 
arm  is  gone,  there  may  well  have 
been  one  or  two  more :  in  the 
right  arm-branch,  13;  but  since 
this  branch  is  imperfect  on  the 
outer  edge,  there  may  have  been 
one  more.  The  actual  total  of 
finials  seen  is  24,  but  the  total  in 
the  perfect  arm- fan  may  have 
reached  28.  In  any  case  18 
branches  reach  the  level  of  VI  Br, 
and  three  or  four  of  these  may 
well  have  become  VII  Br. 

Angle  of  arm-fan  in  proximal 
region  is  nearly  83°,  but  in  the 
distal  region  is  reduced  to  70"^,  owing  to  the  inward  curvature  of 
the  sides.     Angle  of  facet  indeterminable. 


Fig.  9. — P.  visbycensis  (senior). 
Tracing  of  arm-fan,  partly 
restored. 


[Nat.  size.] 
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In  the  proximal  region  the  ridges  are  no  thicker  than  in  average 
specimens  of  P,  visbycensis^  and  the  arms  branch  neither  more  nor 
less.  Towards  the  distal  margin  branching  is  less  rapid,  and  this 
is  correlated  with  the  less  angle  of  the  fan ;  but  since  the  arm  does 
continue  to  increase  in  width,  the  ridges  widen,  and  in  some  cases 
attain  a  breadth  of  1*6  mm. 

The  characters  in  which  this  specimen  differs  from  normal 
specimens  of  P.  visbycensia  all  appear  to  be  those  of  old  age,  namely, 
iDcreaiie  of  grooves  distally,  and  more  particularly  the  irregularity 
of  the  increase  combined  with  lessened  angle  of  arm-fan  and 
widening  of  ridges,  also  greater  flatness  of  ventral  surface.  All 
these  characters,  except  the  number  of  the  finials,  are  opposed  to 
those  of  P,  inferior^  which  there  is  no  reason  to  regard  as  anything 
hut  a  normal  adult.  Therefore,  though  the  present  specimen  could 
not  be  included  in  P.  vishycensia  without  disturbing  the  diagnosis, 
it  seems  better  not  to  separate  it  as  a  distinct  species,  but  to  regard 
it  as  gerontic.  This  raises  another  question :  Is  it  simply  gerontic 
or  phylogerontio  ?  In  other  words :  Is  it  a  senile  individual  of  the 
ordinary  P.  vishycensis-ty^e^  or  is  it  a  mutation  that  has  acquired 
senile  characters  by  acceleration  of  development  ?  The  large  size 
of  the  specimen  favours  the  former  view ;  the  fact  that  it  comes 
from  a  higher  horizon  is  not  incompatible  with  the  latter.  Should 
further  specimens  be  obtained  from  the  same  horizon  and  all  found 
with  these  gerontic  characters,  then  the  form  must  be  regarded  as 
a  phylogerontio  mutation.  For  the  present  it  may  be  distinguished 
merely  by  the  addition  of '  senior.' 


P.  angustus,  n.  sp. 
(PI.  XXV,  figs.  26-32.) 

Angle  of  arm-fan  38° ;  fan  bilaterally  symmetrical  in  shape  and 
number  of  grooves,  but  the  levels  of  the  branchings  differ  greatly  in 
the  two  halves ;  finials  1 0 ;  ventral  surface  of  fan  very  slightly 
convex,  except  at  distal  margin ;  dorsal  surface  slightly  concave 
along  middle  line,  convex  towards  sides,  with  clear  growth-lines  and 
shagreen  ornament;  ridgea  much  narrower  than  grooves,  with 
crenulate  tops. 

Type:  Unique  specimen  in  Kiksmuseum,  Stockholm. 

Locality :  Shore  north  of  Wisby  (Gotland). 

H  orizon  :  Lower  Silurian,  bed  b  or  c  of  Lindstrom. 

Measurements  of  Specimen. — The  proximal  end  is  broken 
away,  especially  on  the  left  side  (right  in  ventral  aspect).  Length 
of  median  ridge  preserved,  15*25  mm.;  length  of  right  side,  15*  75mm. ; 
probable  length  from  ventral  edge  of  facet  to  distal  margin,  16*5  mm. 
Greatest  width  of  fan,  9  mm.,  occurs  at  3*5  mm.  from  the  middle  of 
the  distal  margin  ;  width  at  margin,  about  8*6  mm.  Width,  depth, 
and  angle  of  facet  unknown. 

Number  of  finials  10  ;  and  the  distal  narrowing  of  the  fan  shows 
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that  there  would  have  been  no  more  branching  had  the  specimen 
attained  even  greater  length. 

Normal  width  of  grooves,  '9  mm. ;  of  ridges,  '5  mm. 

Notes  on  the  Specimen. — ^The  law  of  branching  is  that  of  the 
genus,  but  the  median  ridge  does  not  divide  the  specimen  into 
similar  halves,  although  the  number  of  branches  in  each  is  equal. 
This  is  because  branchings  of  the  same  order  and  nature  do  not  take 
place  at  the  same  level,  but  all  the  branches  of  the  right  (left  in 
ventral  aspect)  arm-half  occur  from  1  to  2  mm.  more  proximally 
than  those  of  the  left  half.  This  arrangement  considerably 
diminishes  the  width  of  the  arm-fan,  since  in  no  two  ridges  do  the 
broader  regions  occur  at  the  same  leveL 

The  ventral  surface  is  rather  lees  convex  in  botii  directions  than 
is  that  of  P.  visbycengis.  The  dorsal  surface  is  slightly  hollowed 
along  a  median  triangular  area  with  proximal  apex.  The  lines  of 
deposit  of  secondary  stereom  on  the  dorsal  surface  are  well-marked, 
and  the  shagreen  ornament  follows  the  lines.  At  the  distal  end  are 
depressions  marking  the  original  arm-branches ;  the  distal  margin 
also  shows  clearly  the  concavity  of  the  ridges. 

The  notches  for  covering-plates  are  particularly  clear ;  they  lie, 
not  at  the  sides  of  the  ridge,  nor  precisely  on  its  edge,  but  on  the 
upper  surface  close  to  the  edge ;  consequently  the  edge  itself  is 
almost  straight,  and  the  notches  appear  as  one  turns  the  specimen 
from  side  to  side.  The  dots  of  pigment  along  the  ridges  have 
been  discussed  on  pp.  419,  420. 

Kelations  to  other  Species. — In  dorsal  aspect  the  angle  of 
the  arm-fan  might  suggest  comparison  with  P.  longus ;  but  the 
number  and  arrangement  of  arm-grooves  is  quite  different.  The 
specimen  cannot  be  considered  as  an  undeveloped  or  aberrant 
P.  vishyceims :  it  is  longer  than  most  individuals  of  that  species,  yet 
has  no  more  Unials  than  the  youngest  known ;  on  the  other  hand, 
the  number  of  iinials  and  the  narrowness  of  the  fan  are  not  due  to 
mere  loss  of  certain  branches,  but  both  form  part  of  a  consistent 
scheme  of  structure.  These  features  separate  the  species  still  more 
strongly  from  the  others  known. 


P.  inferior^  n.  sp. 
(PI.  XXVI,  fig.  57 ;  text-fig.  10.) 

Angle  of  arm-fan  about  70°;  fan  bilaterally  symmetrical  in 
shape  and,  apparently,  in  arrangement  of  grooves ;  finials  28 ; 
ventral  surface  of  fan  convex ;  dorsal  surface  not  seen ;  ridges 
apparently  less  wide  than  grooves. 

Type:  Unique  specimen  in  the  Walker  Museum,  University  of 
Chicago,  registered  U.C.  4736. 

Locality  :   Near  Monticello,  Jones  Co.,  la.  (U.S.A.). 

Horizon :  Niagara  Limestone,  lower  beds. 

Approximate    Measurements    of    Specimen. —  Length, 
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18  mm.    Greatest  width,  19-6  mm.     Width  of  facet,  (?)2-75  mm. ; 

depth  unknown. 

Number  of  finials  visible :  12  on  right  side  (left  in  text-fig.  10, 

which  is  reversed  so  as  to  make  it  comparable 

with  the   other  diagrams),    13  on   left  side,    y^      ,^        p  .  , 

Total  visible,  25.     There  were  probably  14  on    ^^^:  ^^'  ~  ^f  .  ^ 
..,        .,      '    ,  .       OQ  •    -n  crinus       infenor. 

either  side,  making  28  in  all.  j?   *     ^     *      - 

Angle  of  fan  about  70° ;  it  cannot  be  esti-      ^^^%  "^ 

mated  very  easily,  as  the  sides  are  missing.       ^    rm-jan. 
Angle  of  facet  unknown. 

Ridges  and  grooves  widen  distalwards.  At 
the  distal  margin  five  mediad  ridges  with  their 
grooves  have  a  united  width  of  4*2  mm.,  and 
four  external  ridges  and  grooves  have  a  united 
width  of  4*5  mm. 

The  concavity  of  the  specimen  (i.  e,  convexity  [Nat  size.] 

of  the  ventral  surface)  is  marked  and  equable. 

Relations  toother  Species. — The  number  of  finials  separates 
this  from  P.  mirabilis  with  16,  and  P.  visbycensis,  with  at  most  22. 
From  P.  visbycensis  senior,  which  has  about  the  same  number  of 
finials,  it  differs  in  its  regularity  of  branching  and  absence  of  senile 
characters.  The  length  and  width  of  the  fan  have  about  the  same 
proportion  as  in  P.  visbycensis,  but  in  P.  inferior  the  width  of  the 
facet  was  probably  greater,  and  the  width  of  the  grooves  and  ridges 
slightly  less  (in  consequence  of  their  greater  number). 


P.  mirabilis,  Weller. 
(PI.  XXVI,  figs.  37-56.) 

Angle  of  arm-fan  51°  to  83°,  usually  71°  to  78° ;  fan  bilaterally 
symmetrical  in  shape  and  arrangement  of  grooves ;  finials  16 ; 
ventral  surface  of  fan  convex,  more  so  than  in  P,  visbycensis ;  dorsal 
surface  slightly  concave  or  flattened,  no  growth-lines  or  ornament 
seen ;  ridges  usually  less  wide  than  grooves,  and  with  rounded  tops. 

No  specimen  was  selected  as  holotype  by  the  author  of  the 
species. 

Co-types  are  specimens  a,  b,  collection  of  Mrs.  A.  D.  Davidson, 
deposited  on  loan  in  the  Walker  Museum,  University  of  Chicago, 
and  specimens  g  and  h  in  that  Museum. 

Meta-types  are  specimens  d,  e,  f,  i  in  the  Walker  Museum  ; 
j,  k,  1  in  the  British  Museum ;  and  c  in  the  Davidson  Collection. 
For  details,  see  pp.  405,  406. 

Locality  :  Ntar  Monticello,  Jones  Co.,  la.  (U.S.A.). 

Horizon  :  Niagara  Limestone,  upper  beds. 

Measurements:  For  those  of  the  arm-laas,  see  the  following 
table  :— 
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The  thickness  at  the  distal  end  of  the  arm-fans  can  rarely  be 
observed ;  in  b  it  is  1  mm. ;  in  d,  arm  i  about  1  mm. ;  and  in  1  it  is 
1*2  mm.  The  angle  that  the  facet  makes  with  the  ventral  surface 
of  the  fan  can  be  estimated  only  in  b,  where  it  is  83° ;  in  e,  where 
it  is  75° ;  and  in  1,  where  it  is  78^ 

The  first  primibrach,  seen  only  in  this  species,  has  a  height  along 
the  dorsal  line  of  *5  mm.  in  specimens  a  and  d,  and  has  the  same 
width  as  the  facet  of  the  radials  and  the  arm-fans.  Towards  the 
ventral  surface  its  height  decreases. 

The  ridges  between  the  grooves  sometimes  widen  considerably 
at  the  distal  end,  as  in  b,  but  there  is  no  sign  of  branching  beyond 
16  finials.  The  ridges  are  generally  rounded,  narrower  than  the 
grooves,  and,  when  favourably  preserved,  display  notches  for 
covering-plates  alternating  on  either  side  (as  in  specimen  b).  The 
covering-plates  are  not  preserved,  but  one  seems  to  see  their 
impressions  in  specimen  f  1,  arm  ii,  as  previously  described  on 
pp.  415,  416  (PI.  XXVI,  tig.  47). 

Meastjrements  op  Dobsal  Cups  (m  millimetres). 


Height    , 

Width  from  R  to  IR    .. 

Basald,  height 

„      width , 

Radials,  height 

„       width   , 

Column,  width  

Width  between  arms  i-ii 

M    ii-iii 

„    iii-iv 

„  »  »     !▼-▼ 

M      v-i 

Greatest  width  of  crown 


a 

d 

fl 

f2 

S 

3 

1-6 

? 

2 

? 

6 

4-4 

6 

3-25 

4 

1-3 

1 

? 

? 

1-7 

? 

? 

? 

1-2 

2 

1-5 

? 

? 

3 

2-3 

3-6 

? 

1 

1 

? 

•5 

2-5 

2? 

2-2 

•76 

2-5 

1-7 

2-5 

1 

1-2 

2 

15 

2 

1 

2-5 

11 

1-6 

1 

•5 

2 

15 

2-6 

1 

1 

26-5 

1 

20-5 

31 

135 

22 

The  dorsal  cup,  since  it  is  known  only  in  this  species,  has  been 
described  in  detail  under  the  head  of  'General  Anatomy.'  In 
specimen  a  it  is  tilted  a  little  on  one  side,  exposing  portions  of  the 
tegmen  (PI.  XXVI,  fig.  43) ;  the  sutures  are  fairly  distinct.  In  c 
the  cup  is  doubtless  present,  but  covered  by  matrix.  In  d 
(PI.  XXVI,  fig.  38)  the  cup  is  clear,  but  the  sutures  less  distinct 
than  in  a.  In  f  (PI.  XXVI,  fig.  46)  the  cup  is  removed,  and  only 
the  impression  of  the  tegmen  marks  its  former  presence.  In  f  2 
(PI.  XXVI,  fig.  37)  the  sutures  of  the  small  cup  cannot  be  distin- 
guished :  either  they  were  anchylosed  in  life,  or  have  been  obscured 
by  petrification.  In  s  (text-fig.  1,  p.  401)  some  of  the  cup-platfs 
have  been  broken  away,  and  only  their  outer  casings  left,  as 
explained  in  the  *  Description  of  Material '  (p.  405). 

The  columnals  are  known  only  in  this  species,  and,  as  shown  in 
specimen  c  (PI.  XXVI,  figs.  48-50),  have  already  been  described 
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under  the  head  of '  General  Anatomy  *  (p.  420).  Single  colamnals  are 
also  seen,  attached  to  the  cup  in  specimens  a,  d,  &  f  2,  hut  not  in  g. 
Relations  to  other  Species. — From  P.  inferior  this  differs 
in  the  smaller  number  of  finial  grooves.  From  P,  visbycensis  it 
differs  in  the  constancy  of  its  branching ;  the  more  restricted  limits 
of  the  angle  of  the  arm-fan,  which  tends  to  be  a  smaller  angle, 
as  explained  under  P.  visbycensis;  the  greater  convexity  of  the 
ventr^  surface  ;  and  the  less  width  of  the  ridges,  as  a  rule.  With 
the  other  species  comparison  is  unnecessar)\ 

P.  lofifftis,  n.  sp. 
(PI.  XXVI,  figs.  58-65;  text-figs.  11  &  12,  p.  432.) 

Angle  of  arm-fan,  38° ;  fan  divided  into  two  unequal  portions, 
different  in  the  number  and  arrangement  of  their  grooves,  by  a 
ridge  to  the  right  of  the  middle  line  in  ventral  aspect ;  the  left- 
hand  portion  represents  two  normal  halves,  each  smaller  than  the 
right-hand  portion  ;  finials :  10  in  right-hand,  7  in  middle,  and  8 
(preserved,  ?  10)  in  left-hand  portion  ;  ventral  surface  of  fan  almost 
flat,  bending  dorsalwards  slightly  at  proximal  end ;  dorsal  surface 
flat,  no  growth-lines  or  ornament  seen  ;  ridges  mostly  ver}*^  narrow, 
with  serrate  tops. 

Type:  Unique  specimen  in  the  Walker  Museum,  University  of 
Chicago,  registered  U.C.  4512. 

Locality:  St.  Paul,  lud.  (U.S.A.). 

Horizon:  Niagara  Limestone. 

Measurements  of  Specimen. — Length  from  ventral  edge 
of  facet,  34*5  mm.  Greatest  width,  24  mm.  Width  of  facet, 
3*25  mm.  Depth  of  facet,  1*9  mm.  Thickness  at  distal  end  of  arm, 
1  mm.  Number  of  finial  grooves,  (26  or  27)  25  preserved.  Angle  of 
arm-fan,  38°.     Angle  of  facet,  72^ 

The  branching  of  this  arm-fan  is  complicated ;  in  discussing  it, 
the  terms  *  right '  and  '  left  *  will  be  used  to  correspond  with  *  right  * 
and  '  left '  of  text-figs.  11  &  12  (p.  432),  &  PI.  XXVI,  fig.  60,  which 
represent  the  specimen  in  its  ventral  aspect. 

Pirst,  we  notice  that  the  arm-fan  is  divided  into  two  portions, 
differing  in  size  and  in  the  number  of  their  branches,  by  a  ridge  (d) 
to  the  right  of  the  middle  line.  Further,  the  left  and  larger  of 
these  two  portions  is  again  unequally  divided  by  a  ridge  (s)  that 
comes  nearly,  but  not  quite,  to  the  proximal  end  of  the  fan.  A 
normal  arm-fan  begins  with  a  single  and  obvious  bifurcation  of  the 
grooves — that  is,  with  two  grooves  corresponding  to  IIBr.  Here, 
however,  it  is  hardly  possible  to  distingubh  the  forking  on  either 
side  of  ridge  *  as  being  of  a  different  order  from  the  forking  on  either 
side  of  ridge  d.  Theoretically  it  may  be  so :  that  is,  the  pair  of 
initial  grooves  on  the  left  may  represent  IIIBr ;  but  it  simplifies 
matters  to  take  the  two  portions  on  the  left  as  each  equivalent  to 
the  single  one  on  the  right  of  (f,  and  to  describe  their  initial  grooves 
as  IIBr.     The  diagram  (text-fig.  12)  therefore  represents  the  arm- 
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fan  as  composed  of  three  portions,  L,  M,  and  R,  separated  by  the 
two  ridges  *  and  rf,  and  each  beginning  with  IIBr. 

In  portion  R  the  branchings  follow  the  law  for  the  genus.  There 
are  ten  finials,  of  which  the  two  internal  and  the  two  external 
(using  those  terms  throughout  with  reference  to  the  whole  fan)  are 
VIBr,  the  others  being  VBr.  The  finials,  especially  the  VBr,  are 
very  long,  some  occupying  fully  three-quarters  the  length  of  the 
fan.  The  ridges  are  narrowest  about  halfway  down  the  arm,  and 
thence  gradually  widen  distalwards.  Thus  a  single  ridge  narrows 
from  '4  to  '2  mm.,  and  then  widens  to  -5  mm.  The  grooves, 
which  are  usually  about  '5  mm.  wide,  may  be  compressed  to 
•25  mm.,  and  widen  distally  to  -OS  mm.  The  ridges  are  always 
narrower  than  the  immediately  adjacent  regions  of  the  grooves  that 
they  separate. 


Fig.  11.  —  Petalocri-      Fig.  12. — Hifpotheiical  diagram  of  (he  same. 
nus  longus.    Outlint 
and     hranchhuj     of 
arm-fan^  X  2diam, 


*  k  d,  sinistral  and  dextral 
ridges;  L,  M.  &  R.  left, 
niedinn,  and  right  por- 
tions ;  I  &  r,  left  and 
right  subdiTisiona  of  M. 


In  portion  L  the  branchings  follow  the  law  for  the  genus,  except 
that  two  rami  of  one  dichotom  (the  internal  IVBr,  i.  e,  next 
portion  M)  both  branch  at  the  same  level.  The  preserved  finials 
are  all  VBr ;  but  since  a  large  part  is  missing  at  the  distal  end,  we 
are  free  to  suggest  that  the  internal  branch  probably,  and  the 
external  almost  certainly,  forked  again.  In  that  case  the  finials  of 
portion  L  would  precisely  correspond  to  those  of  portion  R. 

Portion  M  is  abnormal  in  its  branohing :  first,  in  that  it  does  not 
dichotomize  into  divisions  that  are  at  all  equal,  but  forks  into  a  left 
division  with  five  finials  (/),  and  a  right  division  with  two  finials  (r) ; 
secondly,  in  that  the  levels  at  which  branching  takes  place  cannot 
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be  harmonized  with  the  law  for  the  genus,  and  especially  in  the 
fact  that  the  right-hand  branch  arising  from  the  left  I II Br,  forks 
again  so  soon  as  almost  to  produce  the  appearance  of  a  trichotomy. 
The  interpretation  consequent  on  thrice-repeated  examination  of 
this  particular  area  results  in  the  numbering  of  the  finials  from 
left  to  right  as  V,  V,  V,  VI,  VI,  IV,  IV  ;  this  does  not  agree 
with  either  of  the  other  portions  in  any  respect,  nor  is  such  an 
arrangement  found  in  any  normal  half  of  an  arm-fan.  Matters  are 
not  made  clearer  by  any  other  interpretation  that  might  possibly 
be  put  on  portion  M. 

One  may,  therefore,  describe  the  peculiar  structure  of  this  arm- 
fan  as  due  to  the  intercalation  of  an  abnormal  portion  (M)  between 
two  normal  halves  (L  and  R),  M  being  derived  by  the  abnormal 
branching  of  IIBr  in  L.  This  of  course  is  no  explanation,  and  it  is 
indeed  difficult  to  conceive  a  cause  that  could  produce  such  variation 
in  a  structure  so  compact  and  usually  so  symmetrical,  especially  as 
the  superficial  symmetry  of  outline  has  not  been  disturbed. 

Although  the  branching  of  the  right-hand  half  is  theoretically 
almost  identical  with  that  of  the  left-hand  half,  yet  a  practical 
difiference  is  obvious  in  that  so  many  of  the  dichotoras  begin  at  the 
same  level.  There  are  in  fact  four  adjacent  finial  dichotoms,  three 
in  this  half  and  one  in  the  intercalated  portion,  all  of  which  start 
almost  on  the  same  lino;  one  result  of  this  is  a  sudden  and  marked 
thinning  of  the  ridges  in  this  region.  The  ridges  are  finely 
crenulate,  and  owing  to  the  narrowness  of  some  of  the  ridges,  the 
crenulations  meet  right  across,  so  that  the  edge  is  almost  saw-like. 
In  portion  M,  near  the  proximal  end  of  the  long  finial,  third  from 
the  left,  there  appear  to  he  a  few  covering-plates  preserved.  They 
are  inserted  in  the  crenulations,  and  are  much  depressed.  In  some 
ridges  there  is  a  slight  projection  or  rabbet  below  the  crenulations, 
and  this  probably  served  to  support  the  covering-platea.  The  axial 
canals  are  exposed  at  the  distal  ends  of  the  grooves,  as  shown  in 
PI.  XXVI,  figs.  63  ik  64. 

The  ventral  surface  of  the  arm  is  almost  flat,  but  bends  down- 
ward at  the  proximal  end  (PI.  XXVI,  fie.  65). 

The  distal  edge  is  verv  slightly  scalloped  at  the  ends  of  the 
grooves,  while  the  ends  of  the  ridges  are  almost  fiat,  and  do  not 
show  the  slight  indentation  observed  in  P,  mirahUis. 

The  dorsal  surface  (PI.  XXVI,  ^^,  58)  is  almost  flat,  rounded  oflf 
along  the  two  sides,  especially  at  their  proximal  ends.  It  is  covered 
with  curious  raised  markings,  like  flat,  irregularly  anastomosing 
bands.  These  are  probably  due  to  mineralization  and  weathering. 
There  are  no  traces  of  lines  of  growth  or  of  shagreen  ornament. 

The  facet  (PL  XXVI,  ^g,  59)  is  semicircular,  widening  outward 
at  the  upper  angles.  The  axial  canal,  which  lies  in  the  middle,  is 
split  into  two  vertical  slits,  and  lies  in  a  slight  depression,  on  either 
side  of  which,  dorsad  of  the  canal,  is  a  scarcely  perceptible  swelling, 
corresponding  to  the  two  ridges  in  P,  vishycensis. 

Relations  to  other  Species. — In  the  angle  of  the  arm-fan 
P.  longus  resembles  P.  atigiisttis ;  but,  even  apart  from  its  greater 
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size  and  abnormal  construction^  it  is  exactly  the  opposite  of  P.  an- 
gustus  in  its  mode  of  branching.  Whereas  in  the  latter  species  the 
branching  is  accommodated  to  the  narrowness  of  the  fan,  in 
P.  loncjus  it  is  as  unaccommodating  as  can  be,  and  the  numerous 
branches  are  squeezed  into  the  constricted  space  by  the  narrowing 
of  both  grooves  and  ridges.  In  its  tripartite  diTision  and  the 
resultant  greater  number  of  its  branches,  P,  hngus  is  the  analogue 
of  P.  expansut ;  but  whereas  in  that  species  the  fan  is  increased 
in  width,  not  merely  by  the  number  of  grooves  but  by  the  breadth 
of  the  intervening  ridges,  in  P.  longus  the  width  of  fan,  grooves, 
and  ridges  is  diminished.  As  regards  the  other  species,  even  if  we 
disregard  the  abnormality  and  the  angle  of  the  fan,  there  remain 
as  clear  differences  the  mode  and  number  of  branchings,  the  narrow- 
ness of  groo^7«es  and  ridges,  and  the  length  of  the  fan. 

P.  expansus,  n.  sp. 
(PI.  XXV,  figs.  33-36  ;  text-figs.  13  &  14,  p.  435.) 

Angle  of  arm- fan,  90° ;  fan  divisible  into  three  portions,  each 
corresponding  to  half  a  normal  arm-fan  ;  finials  in  each  third  9-10, 
total  preserved  28 ;  ventral  surface  of  fan  flat,  bending  dorsalwards 
very  slightly  at  proximal  end ;  dorsal  surface  not  seen,  no  trace  of 
ornament  on  portions  visible ;  ridges  much  wider  than  grooves,  and 
flat-topped. 

Type:  Unique  specimen  in  Kiksmuseum,  Stockholm. 

Locality:  Wisby  (Gotland). 

Horizon  :  Upper  Silurian,  base  of  bed  f  of  Lindstrom. 

Measurements  of  Specimen.  —  Length  along  ridge  rf, 
21*25  mm. ;  length  along  ridge  «,  18*9  mm. ;  greatest  length,  which 
is  immediately  right  of  of,  24  mm. ;  greatest  length  of  portion  left  of 
*,  20*5  mm. ;  width  of  specimen,  as  preserved,  22*5  mm. ;  width  of 
specimen,  as  restored,  28*5  mm. ;  width  of  portion  left  of  g,  as 
restored,  10  mm. ;  width  of  portion  right  of  «,  as  restored,  18*5  mm. ; 
width  of  facet,  3*5  mm. ;  depth  of  facet,  1*9  mm. ;  normal  width 
of  groove,  '8  mm.;  greatest  and  least  width  of  ridge  c?,  1*5  and 
•5  mm. ;  greatest  and  least  width  of  ridge  »,  1*9  and  *9  mm. 

The  branching  of  this  arm-fan  is  comparable  with  that  in  the 
type-specimen  of  P.  longus^  and  may  be  described  in  a  similar 
manner  by  dividing  the  ventral  surface  into  portions  L,  M,  and  R, 
seporated  by  ridges  «  and  d  (text-fig.  14). 

A  ditference  is  at  once  seen  in  the  closer  connexion  of  L  and  M, 
since  the  initial  groove  of  L  obviously  arises  from  the  1 1  Br  groove 
of  M.  So  long  as  this  fact  is  duly  recognized,  it  will  facilitate 
description  to  regard  the  initial  groove  of  each  portion  as  lIBr,  as 
was  done  in  P.  longus. 

The  9  finials  of  L  may  thus  be  t^ermed,  reading  from  left  to  right : 
VI,  VI,  V,  V,  V,  V,  V,  V,  V.      Similarly  the  9  finials  of  M  are : 

V,  V,  V,  V,  V*,  V,  V,  VI,  VI ;  while  the  10  finials  of  R  are : 

VI,  VI,  V,  V,  VI*,  VI*,  V,  V,  V,  V.     In  eoch  portion  the  branching 

♦  VI*,  VI*  are  produced  by  the  forking  of  the  branch  corresponding  to  V*. 
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follows  the  law  for  the  genus.  We  may  describe  the  complete  fan 
as  consisting  of  a  normal  fan  divided  into  two  almost  symmetrical 
halves  M  and  R  by  the  ridge  d,  and  of  another  normal  half-fan  L 
of  the  same  size  and  character  budded  off  from  M  and  separated 
from  it  by  the  ridge  s,  M  and  B.  differ  only  in  the  additional 
forking  of  one  branch  in  K,  as  denoted  above  by  the  asterisks.     Or 


Fig.  13.  —  Petalo- 
crious  expansus. 
Tracing  of  arm- 
fan. 

fl 


Fig.  14. — Diagram  of  the  same, 

M 


[Nat.  size.] 


we  may  regard  L  and  M  as  forming  two  halves  of  a  normal  fan, 
absolutely  symmetrical  about  the  ridge  *,  so  far  as  number  of 
branchings  is  concerned ;  in  this  case  K  is  the  added  half-fan 
arising  immediately  from  IBr.  The  one  thing  that  we  cannot  do  is 
to  regard  the  portion  M  as  the  intercalated  one,  as  we  found  best  in 
P.  longus ;  the  abnormality  or  the  trend  of  evolution,  whichever  it 
be,  is  different  in  kind  in  the  two  cases. 

The  ventral  surface  of  the  arm-fan  is  almost  quite  flat,  sloping 
downwards  only  at  the  proximal  end  and  the  distal  margin.  Kidges 
s  and  d  are  very  broad  and  flat,  of  irregular  width,  and  deeply  ex- 
cavate at  the  distal  end.  Kidge  s  shows  clear  traces  of  a  furrow, 
the  original  line  of  fusion,  in  both  its  proximal  and  its  distal  region ; 
and  it  is  this  which  favours  the  view  that  L  is  the  added  half-fan. 
The  broad  and  flat  appearance  of  the  other  ridges  is  in  part  due  to 
weathering,  but  in  any  case  their  width  increases  towards  the  distal 
end.     There  are  no  traces  of  covering-plates. 

Relations  to  other  Species. — That  there  is  no  real  re- 
semblance to  P.  longus  has  been  shown  already.  The  only  question 
is  whether  we  are  not  dealing  with  an  abnormal  variation  of  P.  vis- 
h/eensis ;  and  were  the  difference  confined  merely  to  the  addition 
of  a  half-arm,  or  even  were  this  accompanied  by  some  thinning  of 
the  ridges  to  compensate  for  the  increased  width,  one  might  answer 
that  question  in  the  affirmative.  But  the  variations  with  which 
the  abnormality  is  correlated  are  not  such  as  appear  natural  con- 
sequences of  it ;  they  are  greater  width  and  flatness  of  the  grooves, 
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and  greater  flatness  of  the  fan  as  a  whole.  So  marked  are  these 
features  that  they  alone  would  suffice  to  distinguish  the  species.  They 
are  gerontic  characters,  as  already  explained  under  P.  visbf/censis 
(senior),  hut  in  this  case  they  affect  the  whole  fan  to  a  far  greater 
extent,  and  must  he  considered  as  phylogerontic,  a  view  which 
consists  thoroughly  with  the  geological  horizon  of  the  specimen. 

VI.  Thb  Appikihes  op  Petalocrinub. 

The  arm-fan  of  Petalocrinus^  considered  hy  itself,  presents  a 
problem  that  the  most  accomplished  specialist  could  hardly  be  ex- 
pected to  solve  offhand.  The  solution  here  proposed  was  reached 
only  with  labour  and  patience ;  and  even  when  confirmed  by  Mrs. 
Davidson's  fortunate  discovery  of  a  complete  crown,  there  were 
many  details  still  obscure  to  those  who  had  only  the  American 
specimens  for  study. 

That  the  arm-fan  has  arisen  hy  fusion  of  the  branches  of  a  dicho- 
tomous,  non-pinnulate  arm,  is  proved  by  the  evidence  given  in 
detail  above,  namely  :  the  law  of  branching  of  the  grooves,  the  same 
as  the  law  of  arm-branching  in  a  Cyathocrinoid  ;  the  emphasis  of 
the  dorsal  depressions  that  correspond  to  the  ventral  ridges  as  they 
near  the  distal  edge ;  the  undulating  outline  of  the  distal  edge, 
connected  with  the  concavity  of  the  ventral  surface  of  the  ridges, 
especially  in  the  distal  region ;  the  lobation  of  the  fan  in  corre- 
spondence with  the  dichotoms ;  the  fine  furrows  sometimes  seen  on 
the  ventral  surface  of  the  ridges,  pigmented  in  P,  angustvu,  and 
appearing  in  many  sections,  both  horizontal  and  transverse,  as  fine 
black  lines  indicative  of  pre-existing  soft  tissue :  the  greater  definite- 
ness  of  this  line  along  the  median  ridge,  that  is,  between  the  two 
main  rami  or  half-arms  ;  the  axial  canals  passing  under  the  grooves, 
branching  with  them,  and  often  merging  into  them  at  the  distal 
end ;  the  notches  for  covenng-pJates,  if  not  traces  of  the  actual 
plates.  In  the  arm-fan  as  it  at  present  exists,  however,  the  original 
branches  are  very  thoroughly  fused,  not  merely  by  the  lateral  union 
of  the  brachials,  accompanied  by  their  fusion  in  a  vertical  direc- 
tion, but  also  by  the  deposit  of  secondary  stereom.  The  closeness 
of  the  ultimate  connexion  appears  from  the  facts  that  fracture  of 
the  arm-fan  always  takes  place  along  planes  at  a  definite  angle  to 
the  sagittal  plane,  and  that  the  cleavage-planes  cut  cleanly  across 
all  the  ndges  and  grooves.  The  whole  arm-fan,  therefore,  con- 
stitutes, like  any  single  ossicle  of  an  echinoderm,  a  crystallographic 
unit. 

Dichotomous  arms  following  the  regular  law  of  arm-branching 
are  more  common  among  Dicyclica  than  Mon'ocyclica ;  but  to  which 
of  these  Sub-Classes  Petdlocrinus  belongs  must  be  decided  by  the 
structure  of  the  cup.     This,  it  is  claimed,  shows  a  dioyolic  base. 

The  simple  structure  of  the  cup,  and  the  relation  of  the  first 
primibrachs  to  the  radials,  proves  that  Petalocrinut  belongs  to  the 
Order  Dicyclica  Inadunata. 

The  solidity  of  the  tegmen,  and  the  apparent  prominenoe  of  five 
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interradially-situated  plates,  lead  one  to  refer  the  genus  to  the 
Sub-Order  Cyathocrinoidea  rather  than  to  the  Dendrocrinoidea. 

Among  Cyathocrinoidea  the  family  Cyathocrinidae  is  that  which 
has  already  been  mentioned  as  presenting  certain  resemblances ; 
but  the  apparent  absence  from  the  cup  of  an  anal  plat«  prevents  us 
from  placing  Fetahcrinus  actually  within  that  iamily ;  so  far  as 
that  is  concerned,  it  agrees  better  with  Codiacrinidse,  which  are 
descendants  of  Cyathocrinidee.  The  peculiar  structure  of  the  arms 
seems,  however,  to  justify  the  erection  of  a  separate  family  for 
Petal^Knrimjts^  as  was  in  fact  proposed  by  the  founders  of  the  genus. 

Search  must  next  bo  made  among  Cyathocrinidae  for  a  genus 
from  which  Fttalocrinus  may  have  sprung.  This  appears  to  be 
afforded  by  Qissocrinus,  or  still  better  by  the  subgenus  Arachno- 
criniMj  which  is  the  chief  American  representutive  of  the  genus 
(text-fig.  15).     The  dorsal  cup 

Fig.  15. — Arachnocrinus  bulboaus. 
Diagrams  adapted  from  J,  Hall^ 


Fifteenth  Rep.  Slate  Cab.  I^'at. 
Hist.  N.Y.  pi.  i,Jigs.  19,  20,  ^ 
21  {1862). 


of  Ara^^hnocrinus  is  rounded 
and  depressed  ;  the  inf  rabasals, 
which  may  be  3,  as  in  the 
normal  GissocrinuSj  are  as 
minute  and  as  hard  to  dis- 
tinguish as  in  Fttalocrinus, 
The  radial  facet  is  almost  ver- 
tical, and  the  arms  come  off  at 
right  angles  to  the  vertical  axis 
of  the  calyx,  and  continue  in 
that  plane  for  some  distance. 
The  same  is  the  case  with  Gis- 
socrinus  incurvatus  of  Gotland, 
which,  though  intimately  con- 
nected with  undoubted  GHsso- 
crtnt,  was  in  part  doubtfully 
referred  to  Arachnocrinus 
by  Wachsmuth  &  Springer, 
whose  action  was  discussed  on 
p.  168  of  'The  Crinoidea  of 
Gotland:  I.' 

The  difficulty  of  the  com- 
parison with  Arachnocrinus  lies 
in  the  lateral  origin  and  hori- 
zontal position  of  the  anal  tube 
in  that  genus.  I  have  tried  to 
convince  myself  that  certain 
elongate  masses  seen  between 
some  arm- fans  in  one  or  two 
specimens       of       Fetahcrinus 

might  represent  fragments  of  a  similarly  placed  anal  tube,  but 
without  success.  Negative  evidence,  however,  is  not  fatal  to  the 
comparison,  and  we  are  not  bound  to  postulate  an  anal  tube  in 
every  Aro/chnocrinus  or  descendant  thereof.  A  single  species  of 
CyatJwc^rinus  may  have  an  anal  tube  in  some  individuals  and  a  mere 


(i)  Basal  view,  with  part  of  one  arm 
ehown.  B^  basal  circlet;  i?,  radial 
circlet ;  or,  anal  ;  I-TV,  series  of 
brachials,  (ii)  View  from  left  post, 
radius,  a  small  part  of  right  post  arm 
remains  attached  (iii)  Ventral  view 
of  a  portion  of  an  arm,  showing  the 
deep  grooves  and  their  bifurcation 
witnin  the  axillaries. 
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opening  through  the  tegmen  in  others.  It  may  also  be  noticed  that 
the  anal  plate  in  the  dorsal  cup  of  Arachnocrinus  is  osnally  smaller 
and  lees  regular  than  in  Cyathoerinua^  as  shown  in  text-fig.  15. 

As  concerns  the  arm-structure,  I  pointed  out  five  years  ago,  with 
no  thought  of  Petalocrinus  in  my  mind,  that  in  Oissocrinus  typus 
and  O.  campanula  the  proximal  brachials  of  each  arm  were  disposed 
very  regularly,  lay  close  against  one  another  laterally,  had  flattened 
sides,  and  appeared  (perhaps  were)  laterally  united  by  suture 
(•  Crinoidea  of  Gotland  :  I,'  pp.  157,  162).  Text-fig.  15,  reproduced 
from  J.  Hall,  shows  a  feature  that  has  not  hitherto  been  noticed  : 
if  the  drawing  be  correct,  then  in  this  species,  Arachnocrinus  btd- 
bogus,  the  axillaries  are  compound  plates ;  thus  the  apparent  lax 
consist  of  the  true  lax  and  the  right  and  left  IlBr, ;  tJiis  follows 
not  only  from  the  disproportionate  length  of  the  axillaries,  but  from 
the  notch  in  their  upper  angles,  representing  the  original  diyision 
between  the  right  and  left  brachials. 

Ois$ocrinus,  including  Ara<^nocrinu9^  is  then  a  genus  that  tends 
in  the  direction  of  Fetalocrinus,  as  regards  the  structure  of  both 
dorsal  cup  and  arms.  If  not  the  actual  ancestor,  it  at  least  suggests 
the  manner  of  evolution. 

Petalocrinus  has  been  compared  by  Mr.  Weller  with  Crotalocrinus^ 
on  the  ground  of  its  arm. structure,  and  with  Platycrinus  from  the 
appearance  of  the  dorsal  cup.  The  latter  comparison  is  untenable 
if  the  base  be  dicyclic ;  in  any  case  the  evolution  of  arm-structure 
in  Platycrinus  and  its  allies  was  in  the  direction  of  biserial,  pinnu- 
late,  slightly  branched  arms,  right  away  from  the  structure  of 
Petalocrinus.  The  arms  of  Crotalocrinus  resemble  those  of  Petalo- 
crinus  in  so  far  as  the  branches  are  lateraDy  united.  The  union, 
however,  is  by  loose  suture,  is  restricted  to  the  distal  ends  of  each 
ossicle,  and  is  combined  with  great  flexibility  of  the  whole  arm-net 
thus  produced.  The  relation  of  the  arm-net  to  the  cup  is  also  dif- 
ferent from  that  of  the  arm-fan :  by  the  partial  atrophy  or  vertical 
compression  of  many  proximal  brachials,  IIBr,  and  even  IIIBr  or 
IVBr,  come  to  rest  on  the  upper  surface  of  the  radial,  while  their 
corresponding  ambulacrals  are  incorporated  in  the  tegmen.  The 
stages  of  this  development  are  seen  in  Enallocrinus^  as  pointed  out 
by  Wachsmuth  &  Springer.*  But  from  those  writers  I  have  always 
differed,  in  that  I  have  believed  this  to  indicate  the  evolution  of  the 
Crotalocrinidee  from  the  Cyathocrinidse.  Into  this  discussion,  for 
which  I  have  long  been  collecting  materials,  it  is  impossible  now 
to  enter.  It  is  enough  to  have  shown  that  the  FetalocrinidsB  and 
Crotalocrinidse  are  related  only  in  so  far  as  they  proceed  from  one 
starting-point  along  asymptotic  paths. 

The  family  Fetalocrinids,  hitherto  undefined,  may 
be  diagnosed  thus  : — Cyathocrinoidea  in  which  IBB  are 
minute  and  probably  fused,  and  in  which  the  branches  of  each 
arm,  from  lax  to  the  finials  inclusive,  are  fused  into  a  rigid 
arm-fan,  articulating  with  the  cup  by  means  of  a  free  IBr,. 

1  '  Crotalocrinus :  it«  Structure  &  Zoological  Podtion/  Proo.  Acad.  Nat. 
Sci.  Philad.  1888,  pp.  364-390,  pie.  xix  A  xi. 
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VII.   SUKMABT. 

This  paper  discusses  the  Silurian  Grinoid  genus  Petalocrinus^ 
Weller  &  Davidson,  1896,  on  the  evidence  of  all  the  original 
material  from  Iowa,  and  of  further  material  from  Iowa,  Indiana, 
and  Gotland. 

Petalocrinus  is  shown  to  have  a  dicyclic  hase,  not  monocyclic,  as 
originally  described.  The  structure  of  the  tegmen  is  shown  to  be 
that  of  the  Cyathocrinoidea.  The  arm-fans,  characteristic  of  the 
genus,  are  proved  to  have  been  formed  by  fusion  of  the  branches  of 
an  arm  of  Cyathocrinid  type.  In  them  are  described  for  the  first 
time  axial  canals,  coveriag-plates,  the  articular  facet,  and  various 
minor  structures.  The  species  P.  (?)  major^  Weller,  is  shown  to  be 
an  Omphyma ;  but  P.  mirahilis^  Weller,  the  genotype,  is  redescribed, 
and  with  it  five  new  species — P.  inferior  and  P,  longus  from  Iowa ; 
P,  visbycengisj  P,  angustus^  and  P,  expansus  (as  well  as  a  possible 
mutation,  P.  visbycenne  senior)  from  Gotland.  The  family  Petalo- 
crinidffi,  at  present  including  only  this  genus,  is  diagnosed,  and 
arguments  are  offered  for  its  descent  from  Cyathocrinidae,  probably 
by  way  of  Arachnocrinus. 

EXPLANATION  OP  PLATES  XXV  &  XXVI. 

[All  figures  are  twice  the  natural  size  (that  is,  x2  diameters),  except 
where  the  contrary  is  stated.] 

Platb  XXV. 

Specimens  from  Gk>tland,  drawn  by  Gustaf  Wenman. 

Petalocrinus  vUhycensis  (p.  421). 

Fig.  1.  (g)  Ventral  view ;  shows  scalloping  of  edge,  and  perfect  ridges. 

2.  (g)  Dorsal  view  ;  shows  depressions  corresponding  to  Tentral  ridges. 

3.  (g)  Distal  end,  ventral  surface  upwards ;  shows  indentation  of  ridges. 

4.  (f)  Ventral  view  ;  shows  perfect  ridges  with  notched  edges. 

5.  (e)  Typb.    Distal  end,  ventral  suruioe  upwards.    ( Cf.  fig.  3  k  text- 

fig.  8,  p.  423.) 

6.  (e)    „        Ventral  view  ;  shows  nearly  perfect  ridges  with  notched 

edges. 

7.  (e)      „        Dorsal  riew;    shows  shagreen    ornament,   growth-lines, 

scalloped  distal  margin,  and  a  Beyrichia  embedded  in 
secondary  storeom. 

8.  (ll)  Ventral  view;  shows  grooves  opening  in  places  into  the  axial  canal. 

X  5  diam. 

9.  (p)  Ventral  view ;  the  axial  canals  for  the  most  part  confluent  with  the 

grooves.     X  5  diam. 

10.  (p)  Proximal  end  of  fragment ;  showing  grooves  I,  II,  III,  IV,  as 

explained  on  p.  419.     X  5  diam. 

11.  (n)  Proximal  end  eround  down ;  for  interpretation,  see  text-fig.  6  on 

p.  418.     X  6  diam. 

12.  (senior)  Elevation,  as  seen  from  distal  end,  showing  transverse  curva- 
ture.   (Cy.  fig.  33.) 


13.  (    M    )  Ventral  view.    (Clf,  text-fig.  9,  p.  424.) 

14.  (     „    )  Articular  facet,  left  bottom  portion  broken, 

15.  (    „     )  Section  along  line  of  fracture  a-b;  shows 

~  '    m. 
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Section  along  line  of  fracture  a-b ;  shows  traces  of  original 
sutures  in  middle  of  ridges,     x  5  diam. 
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Fig.  16.  (c)  From  true  right  side  (left  side  of  Tentral  yiew) ;  showing  angle  of 
facet  and  longitudinal  curvature.  The  distal  comer  on  the 
other  side  is  broken  (see  text-fig.  8,  c,  p.  423).     x4  diaun. 

17.  (c)  Articular  facet;  shows  axial  canal  and  diverging  downwardly- 

directed  ridffes.     X  4  diam. 

18.  (d)  Articular  facet,  as  in  fig.  17 ;  shows  also  apparent  riight  striation 

of  dorsal  margin.     X  4  diam. 

19.  (J)  Proximal  end,  from  true  left  side,  showing  angle  of  facet. 

20.  (J)  Articular  fecet     X  4  diam.    (Cf,  text-fig.  5,  p.  416.) 

21.  (i)  Abnormal  facet,  with  two  axial  canals,  and  trace  of  original  suture 

in  median  ridge,     x  6  diam. 

22.  (m)  Abnormal  facet,  with  four  axial  canals  in  a  concavity.     X  6  diam. 

23.  (e)  Type.    Shagreen  ornament  on  dorsal  surface.     X  10  diam. 

24.  (e)      „        A  ridge,  seen  from  the  side,  showing  notches  for  covering- 

plates.     X  10  diam. 

25.  (p)  A  ridge,  seen  from  the  side,  showing  flat  top  and  lateral  notches. 

X  10  diam. 

Petalocrintis  angustuB,    Ttpk  (p.  425). 

Fig.  26.  Two  ridges,  seen  from  the  side,  three-quarter  view;  notches  for 
covering-plates.      X  10  diam. 

27.  One  ridge  seen  from  above,  showing  alternation  of  notches.    X 10  diam. 

28.  Distal  end.     {Cf,  figs.  3  &  5.) 

29.  Distal  half,  from  true  left  side,  showing  lines  of  growth.     X  6  diam. 

30.  From  true  right  side ;  showing  flatness  of  fan. 

31.  Ventral  view ;  the  traces  of  pigment  are  not  shown,  for  the  sake  of 

clearness. 

32.  Dorsal  view,  showing  growth-lines,  shagreen  ornament,  and  depressions 

corresponding  with  ventral  ridges. 

Petalocrinus  expavsus.    Type  (p.  434). 

Fig.  33.  Elevation,  as  seen  from  the  distal  end,  showing  transverse  curvature 

almost  flat. 
34.  Ventral  view  (Cf.  text-figs.  13  &  14,  p.  435). 
3.5.  Articular  facet,  much  worn. 
36.  From  true  left  side,  to  show  angle  of  facet  and  absence  of  longitudinal 

curvature. 

Plate  XXVI. 

Specimens  from  Iowa  and  Indiana,  dmwn  by  the  Author,  with  some  help 
from  photographs  and  sketches  by  J.  Q-reen. 

Petalocrinus  mirahilis  (p.  427). 

Fig.  37.    (f  2)  Dorsal  view ;  the  arm-fans  arbitrarily  numbered  i-v. 

38.  (d  1)  Dorsal  view ;  the  arm-fans  arbitrarily  numbered  i-v. 

39.  (d  1)  Dorsal  cup,  in  the  same  orientation.     X  6  diam. 

40.  (k)    Dorsal  view  of  an  arm-fan ;  the  dorsal  surface  removed  in  parts, 

exposing  the  cavity  of  the  fossil  and  the  floor  of  the 
ventral  surface. 

41.  (a)    Dorsal  view ;  the  arm-fans  arbitrarily  numbered  i-v.    Nat.  size. 

42.  (a)    Dorsal  view  of  dorsal  cup,  in  the  same  orientation,  showing 

oolumnal,  IBB,  BB,  RB,  and  IBr.     x  6  diam. 

43.  (a)    Dorsal  cup,  from  interradius  i-ii ;  showing  portion  of  tegmen. 

44.  (d  2)   An  arm-fan  from  which  the  dorsal  surface  has  been  removed, 

seen  in  dorsal  view,  showing  the  floor  of  the  grooves, 
here  seen  as  ridges,  and  the  scalloping  of  their  ends. 

45.  (f  1)  Ventral  view  of  a  wax  squeeze  taken  firom  the  impression  of 

the  tegmen.    For  interpretation,  see  text-fig.  3,  p.  409. 
X  4d<iam. 
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Fig.  46.  (f  1)  Dorsal  Tiew  of  a  crown  from  which  the  dorsal  cup  has  been 
remoTed.  The  arm-fans  show  the  floor  of  the  groores  as 
ridges.  A  portion  broken  awaj  in  arm-fan  ii  exposes 
impressions  of  coTcring-pIates.  Nat.  size. 
47.  (f  1)  Ventral  view  of  a  wax  squeeze  taken  from  the  impressions 
of  ridges  and  ooTering- plates  beneath  the  broken  portion 
of  arm-fan  ii.  The  grooves  are  exposed  in  the  upper 
part  of  the  drawing,  but  hidden  by  covering-plates  in  its 
luwer  part.     X  8  diam.     (See  p.  416.) 

Joint-surfiiceofacolumnal  showing  minute  lumen  in  a  slight  con- 
cavity, and  subpentagonal  bevelling  of  edges.     X  6  diam. 

Joint-surface  of  a  columnal,  striated,  with  lumeu  more  definite 
than  in  fig.  48.     X  B  diam. 

Side  view  of  three  columnals,  showing  the  orenulation  of  the 
sutures.     X  6  diam. 

Distal  end,  ventral  surface  upwards;  shows  considerable  in- 
dentation of  the  median  ridge. 

Ventral  view. 

Articular  facet.     X  4  diam. 

From  true  right  side. 

A  ridge  from  above,    showing    notches    for    covering-plates. 
X  10  diam. 
66.     (1)    Two  ridges  from  the  side,  three-quarter  view,     x  10  diam. 

Petalocrinua  inferior  (p.  426). 
Fig.  57.  Ttpe.    The  impression  of  the  ventral  surface.  {Cf,  text-fig.  10,  p.  427.) 

Peialocrinus  longus,    Typk  (p.  431). 

Fig.  58.  Dorsal  view.    Nat.  size. 

59.  Articular  facet,  showing  double  nxial  canal.     X  4  diam. 

60.  Ventral  view.    (C/.  text-figs.  11  A  12.  p.  432.) 

61.  A  ridge  from  above,  showing  notches  for  covering-plates,     x  10  diam. 

62.  Two  ridges  from  the  side,  three-quarter  view,     x  10  diam. 

63.  Distal  view  of  perfect  upper  comer  of  the  fan,  showing  axial  canals. 

X  4  diam. 

64.  Ventral  view  of  perfect  distal  corner  of  the  fan,  showing  axial  canals 

emerging.     X  6  diam. 

65.  From  true  left  side,  showing  angle  of  facet  and  slight  longitudinal 

curvature. 

Discussion. 

Dr.  G.  J.  HiNDB  complimented  the  Author  on  the  very  successful 
manner  in  which,  with  such  imperfectly  preserred  materials,  he  had 
elucidated  the  structural  characters  and  affinities  of  this  peculiar 
genus  of  crinoids.  An  examination  of  the  specimens  exhibited 
satisfactorily  confirmed  the  interpretations  given  of  them  by  the 
Author. 

Dr.  H.  WooDWABT)  also  spoke. 

The  Author  thanked  the  Fellows  for  their  reception  of  his  paper, 
and  was  glad  to  find  that  it  met  with  the  approval  of  those  who 
had  overcome  similar  difiSculties.  He  drew  attention  to  another 
specimen  exhibited  by  him,  the  first  Silurian  crinoid  from  Australia, 
named  Hapaloerinus  Vidorim^  and  lent  by  Mr.  T.  Hall,  of 
Melbourne  University. 


Digitized  by 


Google 


442  MR.  8.  B.  BXTOKXAH  05  THE  GBOXTPIKG  OF  SOME      [Aug.  1 898, 


31.  On  the  Grouping  of  iome  Divisions  of  so-called  '  Jinussic' 
Time.  By  8.  S.  Bdceman,  Esq.,  F.G.S.  (Read  April  6th, 
1898.) 

OoirnNTS. 

Page 

Introduction 442 

I.  Gbneml  Considerations    443 

II.  The  Ages  of  the 'Jurassic' Period     447 

III.  The  Divisions  of  a  Portion  of  *  Jurassic  *  Time,  with  Table  I    451 

I y.  A  Genealogy  of  some  '  Jurassic '  Ammonite-Genera,  with  Table  II.  451 

y.  Notes  on  certain  Generic  Names   452 

VI.  List  of  Genera  arranged  under  Families 459 

VII.  Summary 462 


Introductiok. 

A  ooNsiDERiLBLB  portioQ  of  this  paper  was  written  before  the 
appearance  of  a  communioation  on  Dundry  Hill.*  A  reference  to 
the  ideas  set  forth  in  this  paper  will  be  found  in  that  communi- 
cation, in  Table  IV,  facing  p.  696. 

[When  this  paper  was  first  presented  to  the  Society  the  Author  had 
designated  the  Ages  by  the  terms  Bathonian,  Bajocian,  etc., 
proposing,  in  effect,  to  continue  the  usage  carried  out  in  the  com- 
munication above  mentioned,  to  employ  these  terms  for  chronological 
purposes  only.  They  have  been  used  formerly,  as  for  instance  by 
Renevier,  for  both  stratigraphical  and  chronological  divisions: — 
Bathonian  Stage  or  Bathonian  Age. 

However,  it  was  pointed  out  to  the  Author  that  this  plan  would 
lead  to  confusion;  and  he  then  proposed  to  use,  as  distinctly 
chronological  terms  for  Ages,  names  taken  from  dominant  ammonite- 
genera.  There  is  an  advantage  in  this  plan,  seeing  that  the 
chronological  divisions  are  based  entirely  upon  zoological  pheno- 
mena. And  there  was  an  admitted  disadvantage  in  retaining  for 
chronological  purposes  names  such  as  Bathonian,  Bajocian, 
etc.,  taken  from  places  where  particular  strata  were  developed. 

But  the  change  has  a  wider  effect  if  a  congruous  series  of  terms 
is  to  be  produced.  Jurassic  is  equally  open  to  the  same  objection 
as  Bathonian,  and  it  will  require  to  be  replaced  by  a  term  taken 
from  some  zoological  phenomenon.  The  divisions  of  Jurassic — £o- 
and  Neojurassic — fall  into  the  same  category  ;  they  may  be  easily 
replaced  by  such  terms  as  Arietidan  and  Stepheoceratidan 
Epochs,  which  appropriately  mark  the  changes  of  the  ammonite- 
fauna.  Jurassic  and  Triassic  it  is  not  so  easy  to  replace;  so,  for 
the  present,  they  remain.  They  are  strictly  stratigraphical  terms ; 
but  they  are  used  in  this  paper  with  inverted  commas  for  chrono- 
logical purposes.     Thus  ^  Jurassic '  Period  denotes  really  the  period 

^  *  Dundry  Hill,'  by  S.  S.  Buckman  &  E.  Wilson,  Quart  Journ.  GeoL  Soc 
vol.  Hi  (1896)  pp.  669-720. 
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during  which  the  strata  of  the  Jurassic  System  were  deposited.     On  > 
the  other  hand  Mesozoic  is  a  chronological,  aud  not  applicable   |^     4" 
as  a  stratigraphical,  term. 

This  note  is  inserted  for  the  purpose  of  explaining  the  reason  for 
the  changes  introduced  since  the  paper  was  read  before  the  Society. 
They  are  only  changes  of  name ;  the  priuciple  of  the  paper  remains 
the  same. — June,  1898.] 

I.  General  Considbeaxioks. 

In  the  present  communication  I  have  two  main  purposes  in  view. 
The  first  is  to  demonstrate  the  application  of  the  chronological 
system  of  nomenclature  in  regard  to  a  certain  portion  of  time;  the 
second  is  to  construct  what  may  be  called  ageological  calendar, 
in  order  that  those  who  are  collecting  fossils  may  be  able  to  date  the 
species  which  they  find.  Particularly  do  I  give  this  for  the  benefit 
of  those  who  are  concerned  with  the  biological  aspect  of  paleontology, 
to  whom  a  knowledge  of  the  exact  succession  of  organic  beings  in 
time  is  an  important  feature,  to  enable  them  to  study  the  evolution. 
It  may  be  noted,  with  one  or  two  exceptions,  to  be  dealt  with 
later,  that  all  the  hemeral  names  are  taken  from  the  names  of 
ammonites.  For  the  divisions  of  Mesozoic  time  this  plan  would  be 
adopted  so  far  as  possible ;  and  it  needs  no  defence,  for  Hang 
remarks  with  regard  to  the  zonal  work  of  Oppel,  Quenstedt, 
Neumayr,  and  others: — *  L'importance  des  ammonites  pour  Feta- 
blissement  du  parallelisme  des  couches  etait  reconnue,  et  en  meme 
temps  se  trouvait  pose  le  principe  que  les  autres  fossiles  marins, 
tels  que  gastropodes,  lamellibranches,  brachiopodes,  echinodermes, 
ne  devaient  intervenir  qu*en  seconde  ligne  dans  les  assimilations. 
Quant  aux  carac teres  litbologiques,  ils  etaient  naturellement 
refoules  tout-^-fait  k  rarriere-plan.'^ 

Thus  the  next  step  in  the  arrangement  follows  by  logical 
necessity  upon  this  one ;  for  if  the  ammonites  are  recognized  as  the 
best  indicators  of  the  faunal  sequence,  and  since  the  chronological 
subdivisions  depend  upon  this  sequence,  then  the  further  grouping  of 
the  chronological  subdivisions  must  be  controlled  by  the  zoological 
affinities  of  the  ammonites.  For  in8tance,\  the  shortest  geological 
time-division  is  a  hemera :  that  is,  the  time  during  w^ch  a  par- 
ticular species — generally  in.Mesozoic  chronology,  of  an  ammonite — 
C  had  dominant  existence..    A  longer  space  of  time  contains  so  many 

*  hemerae  ;  it  is  at  present  desiunated  by  the  very  faulty  title  of  '  an 

Age ' ;  but  it  is  obvious  that,  as  the  hemera  depends  on  the 
ammonite-species,  an  *  Age '  must  depend  on  the  duration  of 
allied  series  of  ammonite-species.  In  the  present  state  of  ammo- 
nite-nomenclature the  duration  of  an  Age  is  dependent  upon  the 
duration  of  an  ammonite-family,  or  at  any  rate,  if  not  the  whole  , 

period  of  duration,  at  least  that  portion  of  ii_me  during  which  the    -  /7 -^  -' 
family  was  of  the  greatest   importance   as  a  constituent   of  the.  ' 

ammonite-fauna.      In  other  words,  as  a  family  has  its  periods  of 

^  Article  '  JurasBique'  in  <  La  Grande  EncyolopWe/  Paris,  1894,  p.  325. 
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rise,  of  maturity,  and  of  decline  (or,  in  scientific  language,  its 
epacme,  acme,  and  paracme),  so  the  duration  of  the  Age  would  be 
principally  governed  by  the  period  of  acme,  and  would  be  less  con- 
cerned with  the  epacmastic  and  paracmastic  periods  of  the  same 
family ;  because  during  any  one  such  period  should  be  found  the 
acme  of  another  family. 

Following  on  this  again  as  a  logical  conclusion  is  the  recognition 
that  any  time-division  larger  than  an  Age  must  depend  upon  the 
duration  in  time  of  allied  ammonite-families.  When  it  is  found 
that  a  certain  number  of  ammonite-families  allied  from  a  zoological 
and  evolutionary  point  of  view  flourish  and  disappear,  to  be 
succeeded  in  a  similar  manner  by  another  quite  distinct  group  of 
ammonite-families  similarly  allied  among  themselves,  then  it  is 
obvious  that,  so  far  as  is  practicable,  the  time-division  which 
embraces  so  many  Ages  should  correspond  to  the  period  of  time 
marked  by  this  zoological  phenomenon,  and  that  the  end  of  this  time- 
division  and  the  beginning  of  the  next  should  coincide,  as  far  as 
practicable,  with  the  time  when  the  one  family-group  has  declined 
so  low  as  to  become  unimportant,  while  a  succeeding  family-group 
has  risen  to  importance. 

Such  are  the  theoretical  considerations  which  should  guide  the 
application  of  a  chronological  scale.  Their  practical  application, 
however,  may  not  fully  conform*  to  the  theoretical  premisses 
because,  in  the  first  place,  our  knowledge  of  the  faunas  is  very 
incomplete,  even  in  connexion  with  the  most  fully-explored  regions  ; 
and  secondly,  the  faunal  successions  (as  known  to  us)  do  not  follow 
with  that  faultless  regularity  which  would  be  necessary  for  the 
complete  fulfilment  of  the  conditions  laid  down.  All  that  is  possible, 
therefore,  is  to  so  arrange  the  chronological  scale  that  while  it 
expresses  what  we  do  know,  it  shall  be  able  to  show  good  reason 
for  the  arrangement  where  the  actual  facts  of  faunal  succession  do 
not  possess  the  regularity  which  would  be  desired  to  make  the 
arrangement  perfect  and  indisputable. 

The  first  point  for  consideration,  therefore,  is  the  date  at  which 
that  division  of  the  Mesozoic  Era  to  be  known  as  the  *  Jurassic ' 
Period  should  commence.  Hitherto  the  stratigraphical  division 
between  Triassic  and  Jurassic  deposits  has  been  generally  made  at 
the  base  of  the  planorbis-zone.  The  chan^^e  of  lithic  conditions  and 
the  incoming  of  ammonites  in  many  places  seem  to  make  this 
horizon  peculiarly  distinct ;  but  in  a  chronological  scale  these 
matters  have  not  the  least  weight :  the  only  thing  to  be  taken  into 
consideration  is  the  zoological  relationship  of  the  ammonite-fauna 
of  the  jiTe-rotifamiis  hemerse  in  comparison  with  the  fauna  of  its 
Buccessors  and  predecessors.  First  there  are  three  genera  in  the 
^Te-rotiformis  hemerse  which  are  closely  allied  to  one  another — 
J^iloceras,  Wcrhntroceras^  and  Schlotheimia.  If  these  genera  were 
the  parents  of  the  forms  which  dominate  the  rotiformi*  and  suc- 
ceeding hemene,  then  it  would  be  correct  to  place  the  pre-ro/t/brmi> 
hemerse  with  their  successors ;  but  in  my  opinion  they  are  not  the 
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progenitors :  the  genera  of  the  rotiformis  and  later  hemerse  are  an 
entirely  distinct  series,  of  different  descent.  This,  I  am  aware,  is  an 
extremely  heterodox  view,  because  Psiloceras  planorbis  is  considered 
as  the  radical  whence  the  Jurassic  ammonites  have  sprung.^  How- 
ever, I  read  the  affinities  of  this  ammonite  (planorbis)  differently. 
It  is,  in  my  opinion,  a  decadent  form  which  has  attained  to  the  smooth 
stage  after  its  ancestors  had  passed  through  a  ribbed  stage,  and  of 
this  ribbed  stage  it  shows  traces  itself  in  the  obscure  cost»B  of  its 
inner  whorls.  Its  ancestors,  I  consider,  were  slowly-coiled  costate 
species,  like  tortile  or  Johnstoni  ^ ;  and,  in  fact,  these  species  are  the 
vigorous  continuutions  of  the  same  mock  from  which  planorbis  is  a 
decadent  offshoot.  With  these  species  it  agrees  in  another  character, 
namely,  that  the  inner  lobes  are  dependent,  and  point  in  an  oblique 
manner  across  the  whorl  towards  the  periphery ;  but  this  is  just  the 
character  which  is  not  found  in  the  Arietidse,  as  I  should  define  them, 
and  on  the  absence  of  this  character  in  the  Arietidae  dominating  the 
Asteroceratan  Age  I  rely  to  show  that  they  are  not  the  descendants 
of  Psiloceras. 

Another  view  of  the  descent  of  Psiloceras  planorbis  has  been  taken 
by  Mojsisovics :  he  considers  it  to  be  the  descendant  of  Monopht/Uites 
Clio^  a  Triassic  species  from  what  he  calls  the  *  Juvavische  Stufe.* 
Although  this  might  rather  favour  the  chronological  arrangement 
for  which  I  argue,  yet  there  are,  to  my  mind,  insuperable  difficulties 
against  its  acceptance.  The  weightiest  of  these  is  that  Mono- 
phyllites  Clio  does  not,  according  to  Mojsisovics's  own  figures,  show 
that  dependent  character  of  the  inner  portion  of  the  suture-line 
which  obtains  in  Psiloceras  planorbis.  How  then  is  it  that  Psiloceras 
planorbis  shows  this  character,  which  it  shares  with  other  species  ? 
But  there  is  a  further  objection  :  Monophyllites  Clio  does  not  show 
those  ribs  which  should  be  found  in  a  parent  of  Psiloceras  planorbis^ 
according  to  the  evidence  of  the  inner  whorls  of  the  latter  species. 

There  still  remains  a  large  series  of  species  in  the  pre-ro(i/ormw 
hemerse,  which  have  been  called  Arietites  or  ArietidoB,  and  this  might 
be  thought  to  tell  against  my  view ;  but  in  connexion  with  these 
species  certain  essential  details  have  been  disregarded.  Thus  Hyatt 
places  in  his  genus  CaJoceras  not  only  species  such  as  liassicum  and 
toi'tile  (which  have  complex  suture-lines  with  the  inner  portions 
strongly  dependent,  and  the  inner  lobes  pointing  obliquely,  across  the 
whorl  towards  the  periphery),  but  also  species  such  as  raricostatum^ 
which  have  a  simple  suture-line  running  straight  across  the  whorl 
and  not  dependent.  Here  there  are  species  not  only  of  two  genera, 
but  really  of  two  families.  Caloceras  must  be  restricted  to  the 
first ;  Bayle's  Echioceras  is  used  for  the  second — the  raricostatum 

*  •  Pmloceras  planorbis  is  a  radical  derived  from  Ps.  caliphyllum  or  else  from 
pre-existing  Triassic  ancestors,  and  the  absence  of  a  complete  series  connecting 
It  or  Ps.  cmiphyllum  with  Gymnites  of  the  Trias  is  evidentlj  due  to  the  absence 
of  an  equally  complete  series  of  formations,'  Hyatt, '  Genesis  of  the  Arietids,* 
Smiths.  Contrib.  Knowledge,  voL  xxvi  (1889)  No.  673,  p.  117. 

'  Compare  possiblj  Ammonites  Uevidotsatus,  yon  Hauer,  •  Nachtr.  2ur  Eenntn. 
der  Ceph.  Fauna  d.  Hallstatter  Schichten,*  Sitiungsber.  k.  Akad.  Wisiiensch. 
Wien,  vol.  xli  (1860)  pi.  iii,  figs.  9  &  10. 
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seriee.'  Caloceras  *  most  be  removed  from  the  Aiietidae  on  acconnt 
of  its  septation  ;  and  because  of  this  very  character  it  forms  with 
the  genera  Psilcceras,  Wahnerouras^  and  ScJdotheimia  a  well-marked 
family,  Psiloceratids,  which  floorished  during  the  Caloceratan  Age 
(time  of  Hettangian  Stage)  and  almost  completely  came  to  an  end 
in  the  hemera  marmorea. 

As  to  the  exact  connexion  of  this  family  with  the  particularly 
Triassic  ammonites  there  is  at  present  considerable  doubt  In  out- 
ward form  they  seem  to  be  near  many  of  them  ;  but  outward  form 
in  ammonite-classification  and  genealogy  cannot  be  trusted,  though 
Mojsisovics  gives  us  only  this  and  too  few  suture-lines  upon  which 
to  form  opinions.  Then  there  is  a  great  paucity  of  described  species 
from  the  Rhaetic'  and  from  the  underlying  beds  of  the  zone  of 
SirmiUs  Argonauta,  As  to  the  ammonites  of  this  zone,  Mojsisovics 
says  that  most  of  them  are  undeterminable  owing  to  their  bad 
preservation.  But  upon  a  consideration  of  the  ammonite-fauna  I 
venture  to  say  that  the  Caloceratan  Age  should  be  regarded  as  the 
dose  of  the  ^  Triassic '  Period ;  that  there  is  at  the  close  of  the 
Caloceratan  Age  quite  a  new  departure  in  regard  to  the  ammonite- 
fauna — an  incursion  of  a  new  series,  which,  forming  two  families, 
Arietidae  and  Hildoceratidffi,  holds  dominant  sway  throughout  the 
Arietidan  Epoch  (time  of  Eojurassic  Series) ;  and  that  the  greatest 
faunal  break  between  the  '  Triassic '  and  *  Jurassic '  Periods  occurs 
at  this  date,  when  the  PsiloceratidsB  give  place  to  the  Arietidse. 

As  to  the  sedimentary  change  which  occurred  towards  the  end  of 
the  '  Triassic '  Period,  I  wish  to  protest  against  the  assumption  of 
its  contemporaneity.  The  argument  for  such  an  assumption  usually 
travels  in  a  circle — that  the  change  of  sediment  marks  the  close  of 
the  Trias,  therefore,  ipsofactOy  wherever  the  change  occurs  is  the 
close  of  the  Tnas,  because  of  the  change ;  and  so  the  inference  is 
that  the  sedimentary  change  was  contemporaneous.  But  this  takes 
for  granted  the  very  point  which  has  to  be  proved,  namely,  that  the 
change  was  contemporaneous ;  and  the  only  proof  of  such  contem- 
poraneity can  be  given  by  palaeontology. 

Even  if  the  contemporaneity  of  the  change  were  proved,  it  need 
not  affect  the  biological   aspect  of  the  case,  which  is  that  the 

*  The  following  species  belong  to  Bayle's  genixa  Echioceras  i—raricostafum^ 
d'Orb.,  the  type  ;  Patii,  Dumortier ;  Bodleyi,  Dum.  {non  J.  Buokm.) ;  armen- 
tale,  Dum.;  Pauli,  Dum.;  Oosteri,  Dum.;  tardecrescens,  Dum.  (»Of»Hauer); 
Jejunum,  Dum. ;  vUicola,  Dum. ;  Edmundi,  Dum. ;  vellicatum^  Dum. ;  Nodo- 
tianum,  d'Orb.;  Macdonelii,  Portlock  ;  aplanatum,  Hyatt;  and,  somewhat 
doubtfully,  caruseme,  d'Orb. ;  Netvberryi,  Hyatt;  asdueme,  Dum. 

2  Many  of  the  8j)ecie8  of  Caioceras  are  figured  by  Wahner  from  the  marmorea- 
beds  of  the  North-eastern  Alps,  and  the  same  peculiarity  of  septation  is  notice- 
able in  them— the  dependent,  obliquely-directed  inner  lobes  ;  see '  Beitr.  tieferen 
Zonen  d.  unt.  Lias  in  d.  nordosll.  Alpen,*  PaL  Oesterreich-Ungams. 

•  I  fully  anticipate  that  the  results  of  future  work  will  show  that  the  beds 
now  called  Rhietic  are  not  strictly  contemporaneous  deposits,  but  that  the 
case  will  prove  similar  to  that  of  the  '  Midfora  Sands '  in  connexion  with  Lias 
and  Oolite  respectively— namely,  that  what  is  Lias  in  one  place  is  called 
Rhetio  elsewhere,  and  what  again  is  Rhstie  in  another  place  is  called 
JuTariscbe  Stufe  somewhere  else. 
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essentially  'Jnrassic'  ammonite-fauna  did  not  begin  to  hold  dominant 
sway  until  after  the  sedimentary  change  had  been  completed,  and 
that  ammonites  of  a  different  stock  lived  while  the  change  was  in 
progress  (and  in  some  districts  after  it  was  completed),  occupying  the 
new  areas  which  the  changed  conditions  had  opened  up  for  them. 

What  therefore  it  is  justifiable  to  say  is  this — that  during  the 
last  few  hem  ores  of  the  *Triassic'  Period  there  occurred  certain 
local  physical  changes,  as  a  consequence  of  which  the  sea  occupied 
the  areas  of  certain  large  inland  lakes ;  and  that  thus  the  ammonites 
of  the  '  Triassic '  Period  could  extend  themselves  over  a  wider  area. 
80  it  is  that  the  ammonite  invasion  makes  a  noticeable  feature  in 
the  fauna  of  certain  districts,  and,  being  connected  with  a  lithic 
change  which  has  preceded  it  by  a  longer  or  shorter  period  in 
different  cases,  to  it  has  been  ascribed  an  undue  prominence.  But 
such  a  faunal  feature,  simply  an  accident  of  colonization  owing  to 
the  opening  up  of  new  territory,  is  not  of  universal  chronological 
importance,  especially  when  the  chronological  data  depend  on  the 
biological  features  connected  with  the  rise  and  fall  of  particular 
ammonite-families. 

Such,  then,  are  the  considerations  which  have  induced  the  proposi- 
tion— that  if  the  biological  affinities  of  the  ammonites  be  correctly 
understood,  the  'Jurassic'  Period  should  be  regarded  as  com- 
mencing at  the  beginning  of  the  rotiformis  hemera,  and  its  first 
subdivision  should  be  the  Asteroceratan  Age  (time  of  Sinemurian 
Stage). 

n.  The  Agbs  of  the  *  Jitbassio  '  Psbiod. 

It  is  proposed  to  divide  the  *  Jurassic '  Period  into  two  Epochs 
— Arietidan  and  Stepheoceratidan — for  reasons  which  will 
be  seen  presently.  The  Arietidan  Epoch  is  divisible  on  biological 
grounds  into  four  Ages,  in  the  following  manner : — 

(a)  First  ie  the  Asteroceratan  Age,  comprising  seven  hemerse; 
and  the  ArietidaD,  as  now  defined,  excluding  the  Psiloceratidse  and 
Echioceras^  dominate  it  entirely.  They  die  away  with  some 
suddenness  during  the  hemera  oxynoti;  and  very  few  species  of 
the  family  survive  into  the  next  Age. 

(6)  The  succeeding  space  of  time  is  the  Deroceratan  Age,  and 
some  strata  called  Lower  Lias,  besides  all  those  called  Middle  Lias, 
were  deposited  during  its  continuance.  The  Deroceratan  Age  com- 
prises seven  hemersB ;  but  there  is  no  permanent  predominance  of 
any  particular  family  or  genus  during  that  time. 

In  the  first  hemera  the  species  of  Echioceras  are  dominant. 
Hitherto  this  genus  has  been  regarded  as  one  of  the  Arietidse ;  but 
it  is  very  obvious  from  the  simplicity  of  its  suture-line,  firom  the 
nnoarinate  or  merely  subcarinate  periphery  of  Echioceras  raricos- 
tatum^  from  the  depressed  and  not  compressed  whorls  of  this 
species,  that  a  new  departure  has  commenced,  and  that  a  new,  less 
developed  stock  has  come  into  prominent  existence  The  ancestors 
of  Eehioeercu  must  on  these  grounds  be  sought,  not  among  the 
carinate  compressed-whorled    Arietids,  but    in  a    non-caiinate, 

aJ.G.S.  N0.2I6.  2 1 
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depressed-whorled,  8lowl7-coiled«  costate  8pecie8,  and  certaiiilj  a 
species  with  a  simple  suture-line  not  dependent  with  regard  to  its 
inner  lobes.  Such  would  be  the  ancestor  of  Echioceras^  a  genus  to 
be  regarded  as  one  of  the  forerunners  of  the  Hildoceratidse,  whioh 
attain  to  so  much  importance  later;  and  with  that  family  it 
should  be  classed.  Certainly  Echioceras  is  only  a  migrant  from 
some  main  stock  existing  in  some  unknown  locality — perhaps  a 
pelagic  series.  It  soon  runs  its  course,  but  other  migrants  from  this 
stock  appear  at  disconnected  intervals  during  this  Age ;  while  after 
its  close  the  ammonite-fauna  consists  almost  entirely  of  sucoessiye 
migrant  waves  of  Hildoceratidse,  their  similarity  to  each  other 
indicating  a  common  origin. 

The  hemera  which  succeeds  that  of  raricostatum  is  dominated  by 
an  entirely  different  series  of  ammonites — the  genus  Deroeerag 
of  the  family  Deroceratidao,  whose  descendants,  the  Stepheoceratidse, 
attain  so  much  importance  in  the  Stepheoceratidan  Epoch. 

The  two  following  hemerse  saw  the  dominance  of  another  family 
— the  PolymorphidaB — ^in  the  genera  Uptonia^  and  Cydoeeras. 
Possibly  as  belonging  to  the  same  family,  or  more  likely  to  the 
Deroceratidse,  may  be  reckoned  the  dominant  genus  of  the  next 
hemera — namely  Liparoceras}  Two  more  hemersB  remain,  and 
these  witness  the  incursion  of  yet  another  family,  the  AmaltheidsD, 
and  the  remarkably  sudden  disappearance  of  this  branch  of  it  with 
the  close  of  the  hemera  spinati. 

The  Deroceratan  Age,  therefore,  is  not  dominated  throughout  its 
duration  by  any  one  family.  Suitably,  however,  it  begins  with 
the  replacement  of  the  Arietidas  by  the  new  series  Echioceras^*  and 
ends  with  the  disappearance  of  the  Amaltheidse  to  permit  of  the 
next  age  commencing  with  the  new  incursions  which  dominate  it. 

(c)  The  succeeding  Age  is  the  Harpoceratan,  consisting  of  ten 
hemerse,  and  during  nearly  the  whole  time  it  is  dominated  by  genera 
of  Kildoceratidse.  During  the  earlier  hemersB  the  genera  iktctylio- 
ceras  and  its  allies — descendants  of  Deroceras — play  a  somewhat 
important  part;  but  then  they  become  insignificant,  and  almost 
disappear  with  the  close  of  the  hemera  hifrontis*  while  successive 
waves  of  HildoceratidsB  continue  to  be  dominant  until  the  hemera 
dispansi.  At  the  close  of  this  the  Hildoceratidas  practically  dis- 
appear for  a  time,  and  their  place  is  taken  by  Dumoriieria,  a  genus 

'  See  p.  453. 

'  There  may  be  more  than  one  series  in  Liparoceras ;  thej  may  be  bomceo- 
morphs,  descendants  of  genera  belonging  to  tbe  two  families. 

'  It  may  be  noticed  that  Haug  divides  the  Oharraouthian  (strata  of  Dero- 
ceratan Age)  from  the  Sinemurian  (strata  of  Asteroceratan  Age)  at  the  base  of 
the  raricostatum-ton^y  but  for  a  totally  different  reason — a  stratigrapbioal  c  le— 
namely  that '  la  trangression  du  Lias  moyen  parait  oommencer  aveo  la  sone  k 
Caioceras  raricostatum.*  (Article  '  Jurassique'  in  'La  Grande  Enpyclop^e,' 
Paris,  1894.  p.  326.) 

*  The  idea  that  Dactylioceraa  is  the  forerunner  of  Perisphinctes  cannot  be  too 
strongly  condemned— as  a  study  of  the  suture-lines  is  sufficient  to  show,  or 
better  still,  a  study  of  the  inner  whorls  of  Perisphinctes.  That  genus  is  the 
non-tuberculate  degenerative  of  Stepheoceras  (Stephanoceras). 
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of  the  Polymorphidae.     With  the  disappearance  of  the  DumortiericB 
the  Harpoceratan  Age  is  fittingly  hrooght  to  a  dose. 

Here  I  would  pause  to  say  a  few  words  concerning  the  Harpo- 
ceratan Age,  on  account  of  my  treatment  of  its  stratigraphical  equi- 
yalent  Toarcian  [Stage]  in  a  former  paper  'On  the  Cotteswold, 
Midford,  &  Yeovil  Sands.'*  At  that  time,  treating  the  term 
Toarcian  in  a  somewhat  different  way — namely,  from  a  mixed 
stratigraphical  and  palseontological  point  of  view — I  proposed  that 
the  Toarcian,  during  which  the  Hildoceratidse  were  dominant,  should 
include  all  the  strata  which  were  deposited  during  what  are  now 
called  Harpoceratan  and  Ludwigian  Ages,  divided,  however,  into 
Lower  Toarcian  from  fcdciferum  to  opaUnumf  and  Upper  Toarcian 
from  Murchisonce  to  coneavum  (see  p.  473  of  that  paper). 

Now,  the  dominance  of  the  HildoceratidsB  throughout  the  Harpo- 
ceratan and  Ludwigian  Ages  is  even  more  fully  confirmed  to-day 
than  when  I  wrote  the  paper  just  quoted,  owing  to  our  hotter 
knowledge  of  the  affinities  of  ammonite-species.     But  this  predomi 
nance  suffers  interruption  during  two  hemerae,  when  Dumortieriof 
of  the  fEtmily  Polymorphid®  hold  nearly  undisputed  sway.     If 
this  interruption  were  to  he  disregarded,  and  the  term  Harpo- 
ceratan (time  of  Toarcian  Stage)  were  to  he  applied  to  the  whole 
space  of  time  domioated  hy  the  HoldoceratidsB,  the  result  would  he 
an  Age  nearly  twice  as  long  as  any  of  the  others ;  and  this  would 
he  highly  undesirahle.     Therefore  it  is  advisable  to  take  note  of  the 
interruption  in  the  dominance  of  the  HildoceratidsB,  and  to  consider 
this  event  as  a  chronological  landmark.     As  in  the  case  of  the 
Deroceratan  Age  ending  with  the  incursion  of  the  AmaltheidsB,  so 
it  is  advisable  that  the  Harpoceratan  Age  should  have  similar  treat- 
ment, and  be  regarded  as  coming  to  a  close  with  the  incursion  of 
the  Dwnortierio!,     Consequently  the  Ludwigian  Age  should  begin 
when  the  Hildoceratidsd  resume  their  sway.     By  this  means  the 
two  Ages,   Harpoceratan  and  Ludwigian,   are  brought  to   be  of 
duration  compatible  with  the  length  of  time  occupied  by  other  Ages. 
(d)  The  Ludwigian  Age  consists  of  six  hemersB,  and  it  is  domi- 
nated almost  entirely  by  the  Hildoceratidse — a  fact  uniting  it  closely 
to  the  Harpoceratan  Age.    Further  the  HildoceratidaB  are,  of  all 
ammonite-families,  the  nearest  allied  to  the  Arietidas  of  the  Sine- 
murian  ;  and  thus  the  biological  features  of  the  Ludwigian  Age  are 
similar  to  those  of  the  preceding  Ages.     Noticeable  during  a  portion 
of  this  Age  is  another  attempt  on  the  part  of  the  Deroceratidsd  to 
become  established,  in  the  case  of  Hammatoeeras  and  Erycites ;  these, 
however,  never  become  of  any  considerable  specific  importance 
eompared  with  the  Hildoceratidas.     But  the  close  of  the  Ludwigian 
Age  is  marked  by  the  influx  of  another  series  of  Amaltheid®, 
namely  the  Sonnininse. 

As  to  the  close  of  the  Ludwigian  Age,  it  is  not  continued  in  the 
present  arrangement  to  include  the  hemera  disdtiz^  wherein  the 
final  disappearance,  so  far  as  we  know  at  present,  of  the  Hildo- 

^  Quart.  Jovun.  GeoL  Soo.  toL  xlv  (1889)  p.  440 

2i2 

Digitized  by  LjOOQ IC 


450  MB.  8.  B.  B170KMAK  OK  THB  eBOUPIFQ  OF  BOMB      [Aug.  iSg^r 

ceratidsB  takoB  place.  It  is  true  that  this  disappearance  is  yery 
important,  because  with  the  disappearance  of  the  Hildoceratidse 
ends  the  dominance  of  that  type  of  ammonite  known  as  Arietidas 
and  Hildoceratidse.  Then  with  a  short  period  of  dominance  of  the 
SonnininsB  there  comes  the  dominance,  at  any  rate  for  the  remainder 
of  *  Jurassic '  time,  of  an  entirely  different  series — a  very  much 
more  elaborately-developed  ammonite— a  descendant  of  the  Dero- 
ceratidsB,  which  several  times  endeavoured  to  become  dominant 
before — ^namely,  the  Stepheoceratidae.  However,  in  the  digcUce 
hemera  the  Sonnininse  become  dominant,  so  that  both  in  individual 
sixe  and  in  number  of  species  they  entirely  overshadow  the  last 
remnants  of  the  Hildoceratidse.  From  a  zoological  point  of  view 
the  Sonnininse  are  the  most  important ;  and  on  this  ground  it  is  now 
proposed  that  the  Ludwigian  Age  and  the  Arietidan  Period  should 
terminate  with  the  close  of  the  hemera  concavi. 

The  Stepheoceratidan  Epoch  commences  with  the  Sonninian 
^S^  (^)t  comprising  five  hemerae  during  which  the  Sonnininse  are 
in  their  acme  and  their  paracme.  In  the  first  four  hemerse  they  are 
certainly  dominant ;  in  the  last  they  are  few  in  numbers  and  small 
in  size,  and  the  importance  of  the  Stepheoceratidse  which  have 
accompanied  them  throughout  is  at  last  firmly  established.  The 
Sonninian  Age  is  fittingly  brought  to  a  close  with  the  final 
disappearance  of  the  Sonnininse  in  the  hemera  Blagdeni. 

The  Parkinsonian  Age  (/)  commences  with  the  first  appear- 
ance of  those  peripherally-sulcate  Stepheoceratidse,  hitherto  called 
Cosmoceras,  and  now  Cosmoceras  and  ParJcinsonia,  which  play  so 
important  a  part  in  the  succeeding  hemerse.  But,  as  to  the  suitable 
subdivisions  of  Parkinsonian  time,  we  are  in  this  country  under 
difficulties,  because  of  the  non-ammonitiferous  nature  of  the  deposits. 
Forthis  reason  I  have  inserted  in  Tables  I  &  II  two  names  of  brachio- 
poda  as  hemeral  designators,  but  they  are  only  intended  for  use  until 
it  can  be  certainly  shown  during  what  ammonite-hemera  they  lived. 
As  to  the  time  when  the  Parkinsonian  Age  should  close,  I  do  not 
feel  competent  to  express  an  opinion  :  it  must  depend  entirely  on 
the  ammonite-evidence,  and  be  regulated  by  the  time  of  disappear- 
ance of  some  portion  of  the  essentially  Parkinsonian  fauna,  or  the 
incoming  of  a  new  fauna. 

It  may  be  remarked,  however,  that  from  the  Sonninian  Age 
onwards  it  would  appear  that  all  the  ammonite-fan na,  excluding 
the  Lytoceratacese,  consists  of  two  main  families,  the  Stepheocera- 
tidse and  the  Oppelidse.  Developments  of  certain  genera  of  these 
families  may  attain  sufficient  importance  to  be  given  family  rank, 
but  that  will  not  alter  the  facts  of  the  case,  that  after  the  Sonninian 
Age  there  are  found  no  more  members  of  the  families  Arietidse, 
Hildoceratidse,*  Polymorphidse,  nor  apparently  of  the  Amaltheidse. 

1  The  most  Hildoceratoid  genera  of  the  Stepheooeratidan  Epoch — namely 
Heotiooceras  and  Ltmuioceras — are  placed  by  Bonarelli  in  the  family  Oppelidie. 
This  is  most  likely  the  true  reading  of  their  affinities ;  see  Boll.  Soo.  Malao. 
Ital.  Tol.  xriii,  p.  77. 
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CertaiQly  saoh  generic  names  as  Oan/notoceras  and  AmaUheus  are 
used  for  species  of  the  Stepbeoceratidan  Epoch ;  bat  this  ose  is 
founded  only  on  external  similarity,  and  not  on  a  study  of  genetic 
affinities.^  There  seems  therefore  no  reason  to  divide  the  '  Jurassic ' 
Period  into  more  than  two  Epochs:  the  earlier  dominated  by 
ammonites  of  the  Arietidae  and  Hildoceratidse,  which  are  closely 
allied  to  one  another ;  and  the  later  dominated  by  the  far  more 
highly  developed  Stepheoceratidse,  in  company  with  the  Oppelidse. 


in.  The  Divisions  op  a  Portiow  of  '  Jurassic  '  Timb 
(with  Table  I). 

Facing  p.  450  is  a  table  of  time-divisions  in  illustration  of  the 
foregoing  remarks.  It  will  also  serve  as  a  definite  time-table 
whereby  the  dates  of  the  different  *•  Jurassic '  species  may  be  recorded 
— ^a  matter  of  great  importance  for  the  study  of  paUeontology. 

lY.  A  GsHBALoeT  OF  SOME  '  JuBAssio '  Aiocoiais  Genera 
(with  Table  II,  facing  p.  451). 

In  order  to  illustrate  the  remarks  which  have  been  made  con- 
cerning the  divisions  of  *  Jurassic'  time  and  their  dependence  on 
ammonite-evolution,  a  table  of  ammonite-genealogy  has  been 
constructed.  However  theoretical  the  ammonite-genealogy  may 
appear — and  it  is  not  claimed  as  more  than  an  approximate  sketch 
of  the  probable  lines  of  evolution — yet  the  table  does  present 
<)ertain  facts,  namely,  the  times  of  occurrence  of  certain  particular 
genera.  It  is  as  a  record  thereof  that  it  is  put  forward.  But  on  its 
interpretation  an  opinion  is  expressed,  and  that  opinion  is  connected 
with  the  proposed  method  of  subdividing  *  Jurassic '  time. 

A  comparison  of  this  genealogical  table  with  others,  and  the 
reasons  for  its  differences  therefrom,  cannot  bo  given  in  the  present 
paper. 

It  may  be  remarked  that  the  species  of  ammonites  yet  unde- 
scribed  are  very  numerous,  that  of  the  described  species  only  a 
Email  portion  are  treated  with  detail  sufficient  for  genealogical 
purposes,  and  that  therefore  the  data  for  genealogical  work  are 
often  very  insufficient.  And  when  all  the  discovered  species  have 
been  figured  and  described  with  full  details,  they  will  be  only  a 
portion  of  the  total  fauna  which  must  have  been  in  existence.  So 
that  genealogical  data  cannot  be  expected  to  be  complete  even  then, 
though  they  may  be  sufficient  for  the  purpose. 

Attention  may  be  called  to  the  fact  that  in  the  same  family  a 
genus  of  ammonites  farther  removed  from  the  assumed  parent 

1  Something  moro  than  a  orenulaie  carina  is  required  to  warrant  the  attribu- 
tion of  the  coraaius-mriw  to  AmaUheus  or  to  the  Amaltheidie.  Their  ontogeny 
and  septal  details  must  be  considered,  and  the  series  will  possibly  be  found  to 
belong  to  the  Stepheooeratidie,  not  so  very  distant  from  Parkinsoma,  etc 
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stock  makes  its  appearance  before  another  genus  showing  less 
removal  therefrom.  Or,  put  in  another  way,  a  genns  showing  a 
mature  stage  with  greater  dissimilarity  to  its  young  stage  occurs 
before  a  genus  showing  a  mature  stage  with  less  dissimilarity,  which 
is  equivalent  to  saying  that  the  more  phylogenetically-developed 
genus  occurs  before  the  less  phylogeneticidly-developed  genus.^ 

Instances  may  be  given  : — AmaltJieus  before  Paltopleuroeeras^ 
Dadylioceras  before  Stepheoceras^  and  Stepheoeeras  before  Ccdoceras 
Blagdenij  as  also  the  case  of  Strigocercu  and  Strigoceratoids  men- 
tioned later  (p.  460,  3rd  footnote). 

In  other  cases  a  later  genus  is  more  developed  in  some  respects 
and  less  in  others  than  a  preceding  allied  genus,  showing  that  the 
preceding  genus  is  scarcely  the  exact  ancestor  of  the  succeeding 
one,  for  instance  Ludwigia  and  Oraphoeeras,  A  similar  principle 
is  noticeable  among  the  genera  of  HildoceratidsB  as  a  whole— tiie 
earlier  genera  are  sometimes  more  developed  in  some  respects  than 
the  later.  This  is  probably  very  much  the  case  with  the  successive 
series  which  have  been  marked  in  Table  II  as  Oppeloids.  They 
are,  possibly,  often  successive  offshoots  from  less  modified  forms, 
not  descendants  from  one  another.  Therefore  I  have  not  joined 
them  in  the  table.  The  same  may  hold  good  with  other  stocks, 
even  to  a  greater  extent  than  I  have  indicated. 

y.  Notes  ok  okbtadt  Gsksbio  Naicbs. 

In  connexion  with  the  Table  of  ammonite-genealogy  the  oppor- 
tunity is  taken  to  propose  certain  new  generic  names,  to  emend 
others  which  require  modification,  and  to  make  certain  remarks 
concerning  particular  appellations. 

Genus  Aribtitbs,  Waagen,  emend. 
[Type :  ArietUes  Tumeri,  J.  de  C.  Sow.] 

This  is  merely  a  matter  of  arrangement.  Waagen's  Arietites 
was  practically  preoccupied  by  Hyatt's  genera  Atleroceras^  -4mto- 
ceraSf  etc.,  and  is  therefore  inapplicable  to  any  of  the  species  which 
belong  to  them.  However,  Tuman  does  not  seem  to  fall  into  that 
category.  Certainly  it  has  been  placed  in  Asteroceras^  but  that  is 
partly  because  its  specific  identification  has  been  so  often  incorrect. 
It  is  really  quite  distinguishable  from  Asteroctras  on  account  of  the 
mode  of  ribbing,  especially  the  long  forward  projection  of  the 
costsD  on  the  peripheral  area. 

Instead  of  proposing  a  new  generic  name,  it  seems  feasible  to 
use  Arietites  in  a  definitely  restricted  sense — applicable  to  a  species 
which  was  not  generically  appropriated  at  the  time  when  the  name 
was  proposed.     Then  Tumeri  becomes  the  type  in  this  sense. 

^  A  want  of  exact  technical  terms  is  felt  here.  More  phylogeneticAlly- 
deyeloped  may  denote  a  series  which  is  retrogressire,  or  ^hich  exhibits  what 
are  technically  called  phylhjpostrophic  characters  in  the  race — hjpoetrophio 
in  the  indijidual.    See  '  Human  Erolution/  Ifat.  Sd.  toL  x  (1897)  p.  188. 
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There  is  a  further  reason  in  this.  There  is  a  family  Arietidse, 
and  yet  practically  no  genos  Arietitts, 

It  seems  probable  that  Sowerby*s  plate  (^  Min.  Conch/  pi.  cccclii) 
contains  species  belonging  to  two  genera.  The  upper  figure  is 
now  taken  as  the  type  of  Tumeri. 


Oenus  OxTKOTOGEBAS,  Hyatt. 

The  compressed  species  of  the  Arietidan  Epoch,  which  are  gene- 
rally classed  as  OxynotoceroMy  are,  as  their  septal  details  show, 
certainly  polygenetic  homoeomorphs — ^the  terminal  lines  of  dif- 
ferent genera.  Most  of  them  are  possibly  extreme  deyelopments  of 
different  genera  of  the  ArietidaB ;  but  there  is  also  a  possibility  that 
one  or  more  species  may  be  developments  of  SMotheimiaf  and  so 
belong  to  the  family  Psiloceratidao. 

These  matters  can  be  settled  only  by  long  and  careful  working 
out  of  ontogenetic  and  septal  details.  Mere  outward  form  is  of  no 
value  in  the  matter  of  affinity. 


Genus  Uptokia,  8.  Buckm. 
[Type :  Uptonia '  Jametoni  (J.  de  C.  Sow.).] 

The  characters  of  thb  genus  are  that  the  spinous  stage  is  never 
strongly  developed,  but  that  it  only  takes  the  form  of  small  knobs 
upon  the  costaB ;  and  that  earlier  or  later,  according  to  the  degree  of 
development,  these  knobs  disappear,  giving  place  to  a  strong  costate 
stage.  So  a  somewhat  rotiform  shape  and  strong,  distant,  straight 
costad  become  the  prominent  features  of  the  genus. 

Hitherto  Jamewni  has  been  regarded  as  a  Dumortiertay  but  it  and 
its  series  are  separable  therefrom  on  account  of  a  more  ornate 
•eptation. 

Genus  Paltoplbosocbbas,'  S.  Buckm. 
[Type :  Paliopleuroceras  spinatum  (Brogui^re).] 

This  is  merely  a  necessary  alteration  of  name.  Ammonites 
tpinaita  and  allied  species  have  been  hitherto  known  as  Plewro^ 
eeras ;  but  that  name  is  in  prior  use.  The  present  description  has 
reference  to  the  strongly-projected  character  of  the  cost®  on  the 
peripheral  area — ^the  way  in  which  they  appear  to  be  thrown 
forward. 

There  are  several  species  of  this  genus,  but  they  have  hitherto 
been  classed  as  *  spinatus  and  varieties.'  The  mode  of  growth,  the 
bisulcate  periphery,  and  the  simpler  suture-line  effectually  separate 
the  genus  from  Amalikeus, 

■  In  compliment  to  Mr.  Oharles  Upton,  who  has  explored  the  Jameaoni- 
beds  both  in  the  South  of  England  and  in  Scotland. 
'  iraXr^,  hurled. 


Digitized  by 


Google 


454  MB.  8.  fl.  BUOUUH  05  THB  OBOUPnTG  OF  80XK      [Aug.  1 898, 

Qenus  Ccblocebas^  Hyatfc. 

It  seems  to  me  desirable  to  take  Ammonitet  petttu,  Qoenst.,  as  the 
type  of  this  genus,  and  to  restrict  its  use  to  those  species  showing 
the  similar  diaracters  of  a  broad  periphery,  nearly  flat  from  spine 
to  spine,  of  depressed  whorls,  and  crater-like  umbilicus :  that  is,  if, 
as  would  appear  to  be  the  case,  these  characters  are  due  to  direct 
descent,  and  are  not  independent  developments  in  different  series. 
These  characters  attain  their  maximum  development  in  Blagdeni, 
Sow.,  and  the  same  form  of  shell  is  found  to  characterize  the  young 
of  the  ^roccAt-group,  of  the  Deslongchampsi-grojxpy  of  the  Hum- 
jpArimanum-group,  and  even  the  infant  stages  of  FarJcinsonia  and 
its  allies.  These  facts  seem  to  indicate  that  Ccdoceras  is  the  radical 
form  from  which  these  others  are  of&hoots. 

The  principal  species  of  the  genus  as  now  constituted  would  be 
Ccdoeercu  pettus  (Quenst.),  O,  Blagdeni  (Sow.),  C,  Banksi  (Sow.), 
and  O,  coronatum^  Brug.  (d'Orb.).  Ammonites  centaurus,  d*Orb., 
of  the  Deroceratan  stage,  is  also  related ;  but  exactly  in  what  manner 

is  not  easy  to  say  at  present. 

Genus  Stbphboobbas,  S.  Buckm. 

This  is  only  an  alteration  of  the  name  StephanoceraSf  because 
that  was  preoccupied  when  proposed  by  Waagen.  The  type- 
species,  however,  remains  the  same — namely,  Stepheoceras  Bum- 
phriesianum  (Sow.).  The  distinction  from  Coehceras  is  principally 
one  of  development — namely,  that  the  broad  flat  periphery  gives 
place  at  an  early  age  to  a  rounded  and  narrower  peripher}\  The 
broad  flat  periphery  only  yields  to  the  arched  periphery  in  Codo- 
ceras  in  the  gerontic  stage  (see  O.  Banksi);  but  in  Stepheoceras 
the  change  takes  place  in  immaturity.  Thus  what  is  only  a 
gerontic  and  occasional  feature  in  Ccdoceras  becomes  the  ephebio 
and  regular  character  of  Stepheoceras.  Almost  accompanying 
this  feature  is  another — the  recession  of  the  inner  margin  ^om 
the  line  of  tubercles,  whereby  in  old  CoeloceraSy  and  in  certain 
Stepheocerata,  a  so-called  '  abnormal '  body-chamber  is  produced,' 
but  as  growth  proceeds  on  the  same  lines,  and  in  other  species  the 
change  takes  place  at  an  earlier  age,  what  b  a  so-called  <  abnormal 
body-chamber'  at  the  time  of  the  change  becomes  a  perfectly 
normal  feature,  with  almost  imperceptible  recession. 

Thus  there  are  really  three  styles  of  umbilication  in  Stepheoceras : — 
1st,  in  the  immature  whorls,  up  to  a  time  which  varies  with  the 
species,  regular  concentric  umbilication,  with  the  inner  margin  of 
the  overlapping  whorl  in  contact  with  the  spines  of  its  predecessor ; 
2nd,  a  period  when  the  umbilication  becomes  excentric,  owing  to 
recession  of  the  inner  margin  from  the  line  of  spines ;  3rd,  a  period 
of  renewed  concentric  umbilication,  when  practically  the  whorls 
coil  concentrically,  so  far  as  each  is  concerned  with  the  other,  but 
all  of  them  coil  at  a  distance  from  the  line  of  spines^  so  that  the 

'  See  d'Orbigny,  '  O^pb.  Terr.  Jurass.'  pi.  czzxiy,  Ammonites  Humpkriesianms, 
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concentric  coiliDg  in  the  latter  case  differs  from  that  of  the  first,  and 
is  the  result  of  the  change  brought  about  by  a  period  of  excentric 
^coiling. 

These  stages  may  be  seen  in  Ammonites  HumphriesianvLS^  d'Orb., 
pi.  cxzziv : — 1st  stage,  all  whorls,  except  the  last  \  whorl ;  2nd 
stage,  last  ^  whorl.  In  A.  Bumphriesianusy  d'Orb.,  pL  cxzxiii 
(BayUanus^  Oppel),  reduced  one-third: — 1st  stage,  about  first 
four  whorls ;  2nd  stage,  about  the  next  whorl,  when  the  shape 
of  the  whorl  gradually  changes  from  depressed  to  compressed,  and 
becomes  narrower ;  3rd  stage,  the  rest  of  the  fossil. 

I  desire  to  direct  especial  attention  to  these  figures,  because 
some  remarks  of  mine  in  this  connexion  appear  to  have  been 
misunderstood.  I  would  also  direct  attention  to  Morphoceras  as  a 
descendant  of  SphctrocerctSy  where  Sphagroceras  shows  the  beginning 
of  excentric  umbilication.  Morphoceras  dimorphum  shows  ex- 
■oentrio  umbilication  with  compression  of  the  whorl,  tending  to 
become  again  concentric,  and  Morph.  ^  polymorphtim'  (d'Orb., 
pi.  cxxiy,  figs.  5  &  6)  shows  the  further  development  of  this  renewed 
concentricity.  I  claim  that  the  same  change  of  coiling  which 
produced  Stepheoceras  from  CaHoeeras^  and  Morphoceras  from 
Sphceroceras^  also  produced  the  ArietidsB,  etc.,  from  Cymbites. 
Ii'urther,  that  it  is  a  mistake  to  regard  CymbiUs  as  a  senile  form 
incapable  of  producing  descendants  because  of  its  abnormal  body- 
chamber,  and  to  class  it  with  admittedly  senile  forms  such  as  Cado- 
moeeraSf  (EcoptychiuSy  (EcotrausteSy  etc. — as  grave  a  mistake  as  it 
would  be  to  regard  the  want  of  teeth  in  a  baby's  mouth  as  the  same 
phenomenon  as  their  absence  from  the  mouth  of  an  old  man. 

In  regard  to  the  evolution  of  Stepheocerasy  it  may  be  remarked 
that  the  same  method  which  produces  the  true  SUpTieoceras  from 
Ccdoceras  is  repeated  again  and  again  to  produce  other  similar 
;8eries  as  degeneratives  of  Coeloceras.  Hitherto  all  these  forms 
have  been  called  SUphanoceraa ;  but  in  reality  they  are  hetero- 
genetic  or  polygenetic  series,  agreeing  only  in  the  fact  of  being 
in  a  certain  stage  of  development — the  stage  when  the  broad  peri- 
phery gives  place  to  the  narrower  one. 

Similarly,  the  present  use  of  Ferisphinctes  means  only  polyge- 
netic series  of  degeneratives  from  Stepheoceras  and  allied  forms 
— series  which  have  lost  the  spinal  ornaments.  Sphceroeeras  is 
jreally  used  also  in  a  similar  manner ;  and  it  may  be  noted  that  if 
the  broad  periphery  be  retained,  but  becomes  arched  with  increase 
of  inclusion  the  while,  forms  called  Sphccroceras  and  Emileia  are 
produced.  Later,  in  these  forms  is  seen  the  process  of  decrease 
of  inclusion  resulting  in  MorphoceraSy  on  the  one  hand,  and  Emileia 
pclymera  on  the  other.  But  when  this  decrease  of  inclusion  takes 
place  pari  passu  with  the  reduction  of  the  breadth  and  the  arching 
^f  the  periphery,  then  are  produced  what  have  been  called  Stephano- 
ceras:  to  one  series  of  which,  the  Ifumphriesianum-gToxipy  the 
name  Stepkeoceras  is  now  appended,  in  lieu  of  StephanoceraSy  which 
must  lapse  altogether  on  account  of  prior  use. 
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QenuB  EmHiKTa,'  S.  Buokm. 
[Type :  EmUeia  Brocchi  (Sow.).] 

A  Sphseroceratoid  ammonifce-series  distinguished  from  the  true 
SpTuxrocerag  by  (1)  very  complicated  septa ;  (2)  obtuse-ended 
primary  costse,  in  the  form  of  elongate  knobs;  (3)  the  loss  in 
phylogenetic  development  of  the  spheroidal  form  and  the  assnmption 
of  a  more  discoidal  or  rotiform  shape — as,  for  example,  in  EmUeia 
poh/mera  (Waagen). 

The  developmental  feature  noticed  under  (8)  is  the  result  of  the 
earlier  inheritaiice  of  the  'exoentric'  mode  of  coiling.  Lateral 
compression  of  the  whorl  proceeds  in  company  with  a  decreasing 
degree  of  envelopment. 

Genus  (Eoopttghiits,  Neumayr. 

I  have  noted  in  the  genealogical  Table  (II,  facing  p.  451)  a  Soaphi- 
toid  so-called  '  (BcoptychiuSy  its  date  being  the  early  part  of  the 
Parkinsonian  Age.  An  (Ecoptychius  Orossouvrei,  from  ^Bajoden 
sup^eur,  Bully,'  has  recently  been  figured  and  described  by 
M.  Brasil.'  A  specimen  of  this  species  has  been  in  my  cabinet 
some  15  years,  collected  by  Mr.  E.  Stubbington,  from  Broad 
Windsor — top  beds — evidently  from  the  deposits  of  the  zigzag 
hemera.  1  gave  it  a  MS.  name  as  a  new  species  of  (Ecoptyckius. 
But  with  my  present  knowledge  of  homoeomorphous  forms  I  doubt 
the  correctness  of  the  designation. 

The  species  certainly  has  a  remarkable  likeness  to  the  (Ecoptyehiuf 
refractus,  Kein.,'  which  is  the  type  of  Neumayr*8  genus.  But 
that  is  a  Kellaways  species ;  and  Grossouvrei^  to  belong  to  the  same 
genus,  must  have  been  the  ancestor  of  refractu^.  This  involves 
^e  supposition  that  this  peculiar  distorted  form  remained  with  little 
alteration  or  modification  for  a  very  long  time,  during  which  a 
whole  series  of  distorted  forms  ought  to  be  found  connecting 
Orassouvrei  and  refractus.  In  my  opinion,  such  direct  genetic 
connexion  is  doubtful,  and  I  regard  the  similar  shape  of  these 
species  as  the  independent  results  of  similar  causes.  Orossouvrei 
is  apparently  the  refracted  form  of  SpJueroceras^  and  possibly  the 
final  representative  of  that  particular  line.  Refractus  seems  to  be 
the  distorted  form  of  another  series,  because  it  shows  what  Qro^- 
souvrei  does  not,  a  subsulcate  periphery,*  so  that  it  is,  possibly,  the 
refracted  form  of  a  peripheraUy-sulcate  series  allied  to  Farkinsonia, 
These  species  are  heterogenetic  homoeomorphs. 

This  homoeomorphy  goes  even  farther :  for  Quenstedt  figures  *  a 

^  In  oompliment  to  M.  £mile  Haag. 

'  Brasil,  *  O^ph.  nouYeaux,'  Bull.  See.  g6ol.  Normand.  toL  r?i  (1893)  p.  46  Jb 
pi.  iv,  figs.  12  &  13. 

'  Beinecke  is  the  author  of  the  specific  name,  not  de  Haan,  who  is  generally 
credited  with  it    Beinecke  forestalled  him  by  7  years. 

*  Tente  d'Orbigny.    The  ribs  are  distinctly  interrupted  on  the  periphery. 

*  *  Amm.  Schwabisch.  Jura,'  toI.  i  (1885),  p.  368  &  pi.  zlri,  fig.  7. 
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Scaphitoid — '  Scaphites  hifurccUM '  from  the  Upper  Lias ;  and  that 
is  presumably  a  refracted  Dactylioceras. 

These  Scaphitoid  forms  are  important,  because,  from  phenomena 
exhibited  by  them  and  by  injur^  ammonites,  it  seems  possible  to 
state  as  a  biological  law  that  there  is  a  tendency  to  hypos  trophy 
— ^to  revert  to  ancestral  conditions  upon  any  disturbance  of 
individual  economy.  Such  disturbance  may  be :  (1)  sudden,  such  as 
an  ii\]ury,  and  therefore  local  in  action,  restricted  to  the  part 
affected ;  (2)  long  continued,  such  as  unfavourable  environment,  and 
therefore  general,  affecting  the  whole  shelL  The  law  is  the  same 
in  each  case,  and  the  results  are  similar :  in  the  first  case,  a  local 
hypostrophy  in  the  parts  affected ;  in  the  second  case,  general 
hypostrophy.  The  acquirement  in  the  second  case  is  transmitted 
to  posterity ;  but  in  the  first  the  evidence  of  transmission  is  less 
certain :  attention  may  be  drawn,  however,  to  the  case  of  Asterocerat 
Slatteri  (Wright). 

The  shape  of  (Ecoptyehius  refractus  and  (Ec,  Grossouvrei  may  be 
regarded  as  the  result  of  the  efforts  of  a  coiled  cone  to  revert  to  the 
ancestral  form  of  a  straight  cone ;  and  the  struggle  between  the 
tendency  to  coil  and  the  tendency  to  straighten  produces  the 
peculiar  shape.  As  there  is  no  sign  of  local  injury  whicb  would 
reveal  itself  in  displacement  of  the  costs,  the  only  conclusion  would 
seem  to  be  that  the  forms  are  due  to  unfavourable  environments. 

The  Scaphitoid  shape  is,  however,  only  an  exaggerated  exhibition 
of  the  same  process  as  that  which  produced  the  so-called  abnormal 
body-whorls— the  tendency  to  excentric  coiling.  The  different 
d^^rees  may  be  noted  in  OerviUii^  bullatt/ts,  and  refractus. 

In  another  family  may  be  comipared  a  series  ending  in  Cadamo- 
cercu^  which,  after  all,  denotes  Scaphitoids  (see  p.  460). 

Note. — Of  course  the  important  point  to  establish  is  whether 
Orossouvrd  be  a  degenerative  of  SpJicgroceras,  and  refractiis  a  hetero- 
ohronous  homoeomorphous  degenerative  of  another  series.  If  Oros- 
touvrei  be  not  the  ancestor  of  refractus^  it  cannot  bear  the  name 
(Ecoptychius.  Whether  it  have  another  generic  name  than  SpJuenk- 
ceras  is  the  merest  matter  of  detail,  but  if  it  be  only  a  form  of 
expression  of  a  decadent  Sphceroceras^  it  is  doubtful  whether  another 
generic  name  is  required.  The  less  decadent  forms  of  Sphceroeenu 
are  distinguished  as  MorphoceroH. 

Family  Hildoceratidse. 

I  make  the  following  notes  concerning  certain  genera  in  this 
family,  but  it  may  be  remarked  that  all  its  genera  will  require  very 
considerable  revision.  This  is  now  in  preparation,  in  connexion 
with  my  monograph  on  the  *  Inf.  Oolite  Ammonites '  (Palaeont.  Soc.). 

It  has  been  found  that  the  curvature  of  the  ribs  in  the  species  of 
this  family  affords  a  generic  criterion  of  the  first  importance.  This 
subject  has  not  hitherto  received  sufficient  attention,  but  in  the 
figures  now  being  prepared  in  connexion  with  the  monograph,  it  is 
intended  to  give  an  outline  of  the  rib-curve  in  all  cases. 
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Genus  Lioobbas,  Hyatt. 
[Type :  Lioeenu  opalinumf  Eeinecke.] 

The  species  which  I  placed  under  this  generic  name  in  my 
monograph  will  have  to  undergo  considerable  revision.  Though 
tiiey  have  a  certain  similarity  of  external  form,  they  differ  appre- 
ciably in  the  trend  of  their  costae  (or  striae)  and  to  a  certain  extent 
in  septal  details. 

Further,  there  are  several  species  similar  to  opdHnum^  even  to  the 
possession  of  the  fine  hair-like  striae;  but  on  strict  examination 
these  species  are  found  to  have  differences  of  rib-flexure.  In  some 
instances  they  existed  at  different  dates,  in  other  cases  they  were 
contemporaneous ;  but  they  have  caused  great  geological  confusion* 

And  then  the  question  arises,  which  among  these  very  similar 
forms  is  really  the  true  opalinumt  For  it  is  opalinum  and  its 
ancestors  which  constitute  the  genus  Lioceras.  And  fieinecke's 
figure  of  opalinum  is,  in  connexion  with  such  similar  forms  as  these, 
very  difficult  to  interpret,  as  the  drawing  is  by  no  means  exact 
enough  for  the  purpose. 

The  subject  will  be  more  definitely  treated  in  the  forthcoming 
part  of  the  monograph,  but  I  would  now  note  that  the  specimen 
figured  as  opalinum  in  that  work,  pi.  xiii,  figs.  1  &  2,  will  be 
separated  from  opalinum  as  a  distinct  species  by  the  name  opaUni- 
formey  and  also  as  a  distinct  genus.  This  will  explain  the  use  of 
the  term  opaliniformis  in  the  hemeral  Table  (I) ;  and  in  the 
genealogical  Table  (II)  it  is  entered  as  lioceratoid. 


Genus  Bbasiua,'  S.  Buckm. 
[Type:  Brasilia  hradfordensis^^  S.  Buckm.] 

The  flexure  of  the  rib  is  the  distinguishing  character  of  this 
genus :  the  curvature  is  different  from  that  which  obtains  in  the 
DpaZtntim-group — ^true  Lioceras. 

Genus  Gbaphoobbas,^  S.  Buckm. 
[Type :  Qraphoceras  v-scriptum^  8.  Buckm.] 

The  V-shaped  costae  which  suggested  the  specific  name  separate 
the  type  and  other  species  as  a  genus  distinct  from  any  hitherto- 
named  genus  of  the  family  Hildoceratidae. 

^  In  honour  of  M.  Louis  Brasil,  who  has  done  good  work  among  the 
Juraaeio  ammonites  of  Normandj. 

a  Monogr.  Palseont.  Soc.  '  Inf.  Ool.  Amm.*  pt.  i  (1887)  pL  iv,  figs.  5  &  6. 

'  ypd^os,  what  is  written,  a  letter. 

*  Op,  supra  cit,  pt  ii  (1888)  pi.  x,  flgs.  5  &  6. 
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Genus  Darbllia/  S.  Baokm. 
[Type :  DareUia  semieostatay  nom.  nov.*] 

The  costee  are  something  between  V-shaped  and  biarcuate  in 
eanratnre,  and  they  are  associated  with  a  carinate-tabolate  periphery. 
The  features  of  the  periphery  are  similar  to  those  of  HyperlioeeraSy 
bnt  the  rib-curyatore  is  quite  different :  in  that  genus  there  is  a 
long  peripheral  projection.  The  features  of  the  periphery  distinguish 
this  genus  from  GhraphoeeraSy  and  so  does  the  rib-curve. 

Specimens  figured  as  the  immature  forms  of  Hyperliocerag  WaXkeri^ 
namely  those  depicted  in  pi.  xvi,  figs.  3,  4,  5  &  6  of  the  monograph 
(pt.  iii,  1889),  are  shown  by  their  rib-curve  to  belong  to  this  genus. 
They  are  generically  and  specifically  distinct  from  HyperUoeeras 
WaUceri,  and  it  is  proposed  to  distinguish  them  as  Dardlia  polita 
— separable  from  DarMia  MemicosUUa  by  a  smaller  umbilicus. 

In  order  to  mak^  the  generic  names  which  are  used  in  the 
genealogical  Table  (II)  more  intelligible  and  easier  for  reference,  a 
list  of  them  is  now  appended,  with  certain  illustrative  species. 

YL   List  of  Gbhbba  abravoed  itkbeb  Familibs. 

Opposite  the  generic  names  are  placed  the  names  of  certain 
illustrative  species.  In  most  cases  the  name  which  stands  first  may 
be.  considered  as  the  type-species. 

VtmHj  AMAI/THBID^ 
Subfamily  AMAi/rflinrA. 

Qenus.  Species. 

AmattheuB,  marfforitaius,  nudut, 

Paitopleuroeeras.  $pinaiwn,  hawskerense. 

Sabfomily  SomninirA. 

C^us.  Species. 

Bqfoeia.  Farcyi. 

Ihnetensia,  Edouardiana, 

Haplapteuroeerai,  subapmatum, 

PacilomorphuB,  cyeloidea. 

Sonninia,  propinguam,  Sowerbyi, 

WUcks/Ua.  l^viuteula. 

Zurekeria,  XTbaidi,  puynax. 

Eunily  ARUfftiDM, 

Genas.  Species. 


Jgassiceras.  Sctptonianum^  Gaudryi. 

ArieHtes.  Tumeri. 

Armoceras,  semicostatum^  Hartnumni, 

Asterocenu.  obtusum^  stellare, 

Coroniceras.  TotiforrMy  Bucklandi. 

Oxynotocertu^  oxynoius, 

1  In  bonoar  of  Mr.  Darell  Stephens,  F.G.S.,  to  whose  assiduous  collecting  in 
the  Inferior  Oolite  of  the  Sherborne  district  science  is  indebted  for  a  knowled^ 
of  many  new  species. 

'  lAoeeras  decipieru,  rar.  intermedmrn  (Ij,  Monogr.  Palsont^  Soa  Inf.  OoL 
Amm.,'  pt  u  (1888)  pi  zii,  figs.  10  &  11. 
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FBBufy  DEBOOEBATID^.' 

Genut. 

Specie*. 

J>eroemu, 

amuUwn^  DawBt, 

BryeiteB. 

MtcroeeroM. 

ffenUyif  oaprioornui. 

Mieroderoctras, 

Birehi, 

planieoMia-grovLp, 

PkUt/jdmroceras, 

lat<Bcoaa. 

Tby^ori-group. 

Family  HILDOaEKATID-B. 

G^ui. 

Spedei. 

acK^tia-group. 

Braailia, 

cofu^mfffi-group. 

Dareilia. 

tenUcostaia,  noT. 

Cframmoceras, 

Graphoceras, 
Sarpoccrot, 

r-tcrytum, 

/alciferum,  Strangwagn, 

ffaugia, 
Hildoceras. 

vatiabiiiBtJugoM, 
bifronSf  wrpintinunu 

Hyperliocertu. 

discUes,  Walkeri. 

LOU^HrolmsU. 

Lioceras, 

opalinum. 

Ludwigia, 

Murekisotue. 

nannodes-groap. 

PolypUctus, 

diacoides. 

Piimily  OPPELID^ 

Genut. 

Species. 

Cadomoetras,^ 

cadomerue. 

Lissoceras, 

oolUhicum, 

(Ecotraustes. 

gmicuiaris. 

Oppelia, 

Strigocerca} 

TruelUi, 

1  There  are  three  fairly  distinct  eeriee  in  this  family  :~(1)  L^itaroomUt  etc  ; 
(2)  Deroceras,  etc. ;  (3)  Iiammatoceras,  etc.  In  Hammatooeras  a  strong  carina  is 
aeveloped,  and  the  species  have  considerable  external  similarity  to  Sonninia, 
The  suture-line,  hovterer,  is  rery  distinct,  and  attests  the  relationship  with 
Deroceratan  forms.  ('  Descent  of  Sonninia  &  HamnuUooera$*  Quart.  Joum. 
GeoL  Soc.  Tol.  xlv,  1889,  p.  651.) 

3  This  denotes  an  extreme  gerontic  form — possibly  a  degeneratiye  offshoot  of 
lAsaooeras.  But  there  are  homcDomorphous  species,  almost  certainly  poly- 
genetic,  and  certainly  heterochronous.  Their  similarity  has  caused  much 
mistaken  identification ;  this  similarity,  coupled  with  difference  in  date,  has 
Diade  much  trouble  in  matters  of  stratigraphy. 

'  With  regard  to  Strigoceras  and  Stngoceratoid  forms  there  seems  to  be 
a  remarkable  development  of  closely  similar  forms  3  times  oyer.  The  first 
series  of  Strigooeratoids  lived  during  the  WitcheUicB  sp.  hemera.  They  dis- 
appear ;  but  during  the  niortenm  hemera  there  Uvea  another  very  similar 
senes.  Then  during  the  Truellii  hemera  there  appeared  another  series,  appa* 
rently  at  first  less  deyeloped  than  any  of  their  forerunners,  but  ultimately 
developing  to  become  very  similar  to  them. 
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Pamilj  POLYMOBPHIDA 

QeauB. 
CatuUoceraa. 
CydoeeroB, 
Jfumortteria, 

Tmetoceras, 

Tropidoceras. 

Uptonia, 

Funily  PSILOOEBATID^ 

Genoa. 
Caloceraa. 
Pnloeens, 
ScJUotheimia, 
Thuggoceras. 
Wahneroceras, 

Fmauly  —  ? Badical  Stock. 

GenuB. 

Hudletionia} 
Paronioeroi, 

Fftmily  STBPHEOOBBATIDA 

Genus. 
Cceloeeras, 
CoUina, 
DaetyUoe$ra8, 

Emileia, 


Maerooephalites. 
Morphoeeras, 

Parkinsonia, 

Perisphinctes. 

PeronooeroB, 

Sphteroeeroi. 
Stepheoceras, 


Species. 
Dumortieri,  Leeabergi, 
Valdanif  Mau^enestu 
Levesquei,  radtans. 
yrammocercLtoideS'grovL^, 
scisatwi, 
Masseanum. 
Jameaani,  Beynardi, 


Species. 
tonUf  Johnstoni,  liassieum, 
planarbis, 

anffulata,  marmorea, 
UUestUratum. 
tenerum,  megattoma. 


Species. 
globostis, 
affinia,  Sifumm 
stemale. 


Species. 
pettua,  BlagdenU 
g&tnma, 

commune,  annukUum^ 
Iktvidaom-group. 
Brocchi,  polymera. 
Garantian  um-group. 
linguiferumr^OM^, 
macrocephalua. 
pseudoancepa,  dimorphum, 
niortenais-group, 
Parkinaoni, 
MartinaU, 
fibtUatum, 
Saueei'group, 
Gertnliii,  Brongniairti, 
Humphrieaianum. 
zigzag-group. 


The  inclusion  of  a  generic  name  does  not  imply  the  expression  of 
any  opinion  as  to  its  validity  or  otherwise.  Nor  does  the  mention  of  an 
ammonite-groap  imply  that  it  is  entitled  necessarily  to  generic  rank. 

Quenstedt's  FHlonoticeras,  Arieticeras,  etc.,  are  really  invalid, 
because  they  were  admittedly  proposed  as  mere  modifications  of 
existing  names — of  PsUoeeras  and  Arxttites  respectively. 

Munier-Chalmas's  Cadomites  and  NormanniUs,  of  the  family 
Stepheoceratidse,  were  names  given  for  supposed  sexual  features. 

*  The  aflBnities  of  HudUatonia  inuat  be  considered  very  doubtful.  It  is 
possibly  an  extreme  deyelopment  of  the  radical  stock.  There  is  another  similar 
series— the  ataufenaia-gtowh,  \U  horizon  ci?en  as  Murchiaona  tone,  its  date  per- 
haps aciaai  or  MurcMaotuB  hemera— which  may  be  another  extreme  development. 
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Vn.  Summary. 

This  paper  contains  the  following : — 

(1)  An  argument  that  chronological  divisious  in  geology  should 
depend  on  faunal  features. 

(2)  The  proposition  that  ^Jurassic'  chronology  should  be  governed 
by  the  phenomena  of  ammonite-development. 

(3)  The  opinion  that  the  '  Jurassic '  Period  should  be  divided 
into  two  epochs,  Arietidan  and  Stepheoceratidan,  and  that  the  first 
should  commence  with  the  Asteroceratan  Age  and  end  with  the 
Ludwigian. 

(4)  A  hemeral  time-table  whereby  species  may  be  dated. 

(5)  A  genealogy  of  some  ^  Jurassic '  ammonites  to  illustrate  the 
chronological  remarks. 

(6)  Notes  on  certain  generic  names  and  the  proposal  of  some 
new  generic  titles. 

(7)  A  list  of  the  genera  to  which  reference  has  been  made, 
arranged  under  families. 

Discussion. 

Mr.  H.  B.  WooDWABD  remarked  that  most  geologists  would  agree 
that  two  sets  of  divisional  names  were  needful :  one  to  indicate 
chronology,  and  the  other  to  indicate  the  stratigraphical  formations. 
Stratigraphical  names  could  not  be  interfered  with  by  Mr.  Buokman's 
paper.  He  need  only  refer  to  Prof.  Lapworth's  detailed  work  in 
the  Southern  Uplands  to  show  how  important  were  stratigraphical 
names  ;  and  he  had  no  doubt  that  they  would  last  for  ever.  The 
changes  of  grouping  proposed  by  the  Author  were  such  as  should 
be  considered  over  a  wide  area.  A  worker  paying  special  attention 
to  Belemnites  would  probably  arrive  at  very  different  conclusions. 
Moreover,  the  diagram  exhibited  by  the  Author  showed  no  special 
reason  for  making  chronological  divisions  at  any  one  stage  more 
than  another.  He  felt  strongly  that  the  paper  was  one  that  should 
have  been  submitted  to  the  International  Geological  Congress, 
rather  than  to  the  Geological  Society. 

Prof.  Sbelet  regarded  the  Author's  labours  in  endeavouring 
to  trace  the  phylogeny  and  affinities  of  ammonites  as  a  valuable 
contribution  to  paleeontology.  The  attempt  to  classify  the  Lower 
Secondary  strata  by  this  evidence  might  be  less  important  than  the 
diagrammatic  demonFtration  of  the  periods  of  time  during  which 
characters  of  external  form  and  internal  structure  were  distributed 
in  the  ammonit/e-tribe.  It  was  usual  to  find  that  species  appeared 
prior  to  the  physical  changes  which  brought  in  the  rocks  which 
those  species  distinguished  by  their  abundance.  He  trusted  that 
the  Author  would  maintain  the  familiar  nomenclature  of  the 
Oolites  as  the  basis  for  his  stratigraphical  language,  since  the  paper 
appeared  to  be  an  attempt  to  trace  the  influence  of  stratigraphical 
conditions  on  the  distribution  of  paleeontological  charactenrs  in  an 
important  group  of  fossils. 

The  Pbesident  also  spoke. 
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32.  The  Gkaptolitb-Fauna  of  the  Skiddaw  Slates.  By  Miss  G.  L. 
Ellbs,  Newnham  College,  Cambridge.  (Communicated  by 
J.  E.  Make,  Esq.,  M.A.,  F.R.8.,  P.G.8.     Read  May  4th,  1898.) 
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IL  Previous  Literature  on  the  Skiddaw  Slates    464 

(a)  Stratigrapbical.     {b)  Palieontological. 

III.  Description  of  Genera  and  Species  46ft 

IV.  Gomparison  of  the  Skiddaw  Slate  Fauna  with  similar  Faunas  in 

Sweden  and  Canada    525 

V.  General  Conclusions  , 525 

(a)  StratigraphicaL     if)  Pbylogenetic. 

I.  Introductioh', 

The  term  Skiddaw  Slates  is  the  name  given  to  all  the  sedi- 
mentary and  contemporaneous  volcanic  deposits  of  the  Lake  District 
and  its  neighbourhood,  which  lie  below  the  Borrowdale  Volcanic 
Series.  Mr.  Marr  has  shown  (Geol.  Mag.  1894,  p.  122)  that  the 
main  outcrop  of  these  beds  lies  north  of  the  mass  of  volcanic  rocks 
which  constitute  the  central  hills  of  Cumbria.  This  outcrop  seems 
to  be  continued  in  a  south-south-easterly  direction  across  the  eastern 
end  of  Ulleswater  to  Shap,  though  it  is  partly  covered  by  a  deposit 
of  Carboniferous  Conglomerate. 

Another  mass  of  Skiddaw  Slate  forms  the  hill  of  Black  Cone  in 
the  south  of  Cumberland,  and  a  small  outcrop  also  occurs  near 
Dalton-in-Furnes3.  The  same  rocks  appear  to  be  extensively 
developed  in  the  Isle  of  Man,  though  the  beds  there  seem  to  be 
unfossiliferous. 

.  East  of  the  Lake  District  the  Skiddaw  Slates  are  again  found 
in  the  Cross  Fell  Inlier,  and  have  been  mapped  in  the  small  inlier 
of  Teesdale. 

The  beds  are  always  much  contorted  and  faulted,  and  greatly 
affected  by  cleavage ;  abo  in  certain  places  they  have  been  exten- 
sively altered  by  the  protrusion  of  igneous  rocks  through  them. 

The  largest  collections  of  fossils  have  been  made  in  the  Keswick 
district,  where  the  beds  have  been  well  worked  by  local  observers. 
Some  of  these  are  well  preserved,  but  the  best  fossils,  as  a  whole, 
come  from  the  Cross  Fell  Inlier.  The  following  are  the  chief 
localities  from  which  fossils  have  been  obtained : — 

(1)  Ebswick  District.    Bandal  Crag.  Carlside  Edge,  and  White  House 

Fell  (Skiddaw),  Barf,  Outerside,  Bassenthwaite 
Common,  Saddleback,  Gleuderamakin  Valley, 
Troutbeck. 

(2)  Ulleswatbr  District.    Aik  Beck,  Pooley  •- Eggbeck. 

(3)  Suap  District.    Thomship  Beck. 

(4)  Cross  Fbll  District.    Ellergill,  Milbom. 

Q.  J.  G.  S.  No.  216.  2  r 
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At  Mr.  Marr's  request  I  undertook  the  description  of  the  grapto- 
lite-fauna  of  these  heds.  My  intention  at  first  was  to  confine 
myself  to  a  description  of  the  specimens  in  the  splendid  collection 
of  Skiddaw  Slate  fossils  in  the  Woodwardian  Museum  at  Gam- 
bridge,  -which  now  includes  that  made  by  the  late  Mr.  Kinsey- 
Dover,  of  Keswick.  I  soon  found,  however,  that  it  would  be 
impossible  to  do  this  without  repeated  reference  to  specimens  else- 
where, and  it  therefore  seemed  best  to  make  the  work  as  compre- 
hensive as  possible,  by  including  a  description  of  all  specimens  of 
interest  in  whatever  collections  they  might  be.  This  I  have  been 
enabled  to  do,  owing  to  the  great  kindness  of  the  many  collectors 
of  Skiddaw  Slate  fossils.  In  the  following  pages  therefore,  though 
the  Woodwardian  Museum  Collection  forms  the  main  basis  of  my 
work,  reference  will  constantly  be  made  to  other  collections, 
especially  to  those  of  Prof.  H.  A.  Nicholson,  Mr.  J.  Postlethwaite, 
and  the  Collection  of  the  Keswick  Museum  of  Local  Natural 
History. 

For  some  time  the  graptolite-fauna  of  the  Skiddaw  Slates  has 
been  considered  of  especial  interest,  as  possessing  affinities  with  the 
fauna  of  the  Quebec  Group  of  Canada,  though  the  exact  relation- 
ships have  never  been  worked  out.  As  I  hope  to  be  able  to  show, 
the  fauna  is  also  very  closely  related  to  that  of  the  Swedish 
Phyllograptus-s)iiffeTy  though  it  probably  includes  also  a  fauna  from 
beds  at  a  lower  and  higher  horizon. 

In  the  descriptions  of  the  species,  I  have  not  entered  into  any 
detail  when  a  species  has  been  already  figured  and  described,  unless 
the  Skiddaw  Slate  forms  show  some  difierences  from  the  type. 
When  it  has  been  possible,  I  have  given  a  full  description  of  the 
structure  of  the  proximal  end,  as  I  believe  this  to  be  a  point  of  the 
greatest  importance.  In  many  cases  few,  if  any,  structural  details 
can  be  made  out,  but  in  others  the  specimens  are  preserved  in 
relief  in  iron  pyrites,  and  show  more  detail  than  has  been  noticed 
by  the  authors  who  have  previously  described  them.  The  absence 
of  any  remarks  concerning  structure  may  be  taken  to  mean  that 
the  specimens  were  not  sufficiently  well  preserved  for  such  to  be 
made. 

In  a  few  cases  generic  descriptions  have  been  modified  in  accord- 
ance with  the  results  of  recent  work,  and  in  some  cases  also,  for 
similar  reasons,  a  modification  has  been  made  in  the  description 
of  a  species,  or  a  fuller  description  given  than  that  already  in 
existence. 


II.  Previous  Literatubb  ok  the  Skiddaw  Slates. 
(a)    Stratigraphical. 

1820, 1832.  The  earliest  account  of  the  Skiddaw  Slates  is  that  given 
by  Otley  in  1820,  in  the  Lonsdale  Magazine,  vol.  i,  p.  433, 
the  next  being  that  of  Prof.  Sedgwick,  published  in  Proc. 
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Geol.  Soo.  vol.  i,  p.  399.  In  this  paper  the  author  described 
briefly  the  range  and  extent  of  the  Skiddaw  Slates  as  then 
recognized,  and  gave  some  account  of  their  lithological 
characters.     He  stated  that  they  contain  no  organic  remains ; 

1848.  but  he  subsequently  (1848)  called  attention  to  the  discovery 
of  two  graptolites,  and  a  few  so-called  fucoids  (Quart.  Journ. 
Geol.  Soc.  vol.  iv,  p.  223).  He  concluded  that  these  are  the 
earliest  forms  of  life,  and  regarded  the  Skiddaw  Slates  as 
representing  beds  below  the  Lingula-FlaLgs  of  Wales. 

1863.  The  first  detailed  account  of  these  rocks  was  given  by 
Harkness  in  his  paper  on  '  The  Skiddaw  Slate  Series '  (Quart. 
Journ.  Geol.  Soc.  vol.  xix,  pp.  113-135).  There  he  described 
fully  the  various  districts  in  which  the  Skiddaw  Slates  are 
exposed,  and  their  variation  in  lithological  character  in 
different  localities.  He  also  gave  sections  illustrating  the 
relationships  of  these  beds  to  others  in  the  district.  In 
conclusion,  he  referred  the  Skiddaw  Slates  to  the  Lower 
Uandeilo,  that  is,  to  the  rocks  which,  in  the  Shelve  area, 
overlie  the  Tremadoc  and  underlie  the  main  mass  of  the 
Llandeilo  (=Arenig  in  modern  nomenclature). 

1876.  The  next  paper  of  importance  is  the  Geological  Survey 
Memoir  on  the  Northern  Part  of  the  English  Lake  District, 
written  by  J.  Clifton  Ward.  He  gave  a  general  account  of 
the  different  rocks  to  which  the  term  Skiddaw  Slates  has 
been  applied,  and  the  alteration  that  these  have  undergone 
from  various  causes.  Below  the  Volcanic  Series  the  sequence 
given  by  him  is  as  follows  (op,  cit.  p.  47) : — 

Interbedded  volcanic  strata  and  Skiddaw  Slates. 
(5)  Black  slates  of  Skiddaw. 
(4)  Gritty  beds  of  Ghites^rtb  (Buttermere),  Latterbarrow,  Tongue 

Beck  (Skiddaw),  Watcb  Hill,  and  Great  Gockup. 
(3)  Dark  slates. 

(2)  Sandstone  series  of  Grasmoor  and  Wbiteside. 
(1)  Dark  slates,  Kirk  Stile,  between  Loweswater  and  Grummock. 

He  regarded  (5)  as  Upper  Arenig,  (4)  as  Middle  Arenig, 
(3)  as  Tremadoc,  and  (2)  and  (1)  as  the  equivalents  of  the 
Lifigida-FlELgs. 
1879.  This  opinion  Clifton  Ward  subsequently  emphasized  in  a  paper 
in  Geol.  Mag.  1879,  pp.  49  &  110,  where  (on  p.  124)  he 
summed  up  the  evidence  as  follows  : — '  The  physical  evidence 
inclines  one  to  believe  that  the  Skiddaw  Slates  include  the 
Arenig  Slates,  the  Arenig  Grit,  the  Tremadoc  Slates,  and 
the  Lingula-FlBgsJ  His  conclusions  were  based  entii-ely  on 
physical  evidence,  and,  in  accordance  with  the  custom  of 
that  time,  the  palaeontological  evidence  was  absolutely 
neglected ;  nevertheless,  subsequent  palaeontological  work 
bears  out  his  views  in  general,  though  the  actual  divisions 
made  by  him  do  not  now  hold  good. 

2k2 
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1894.  Of  the  more  recent  papers,  the  most  complete  is  that  of  Mair, 
who,  utilizing  palaaontological  evidence,  divides  the  beds  as 
foUows  (Geol.  Mag.  1894,  p.  128)  :— 

'(rf)  Milburn  Beds=UppermoBt  Arenig  or  Lower  Llandeilo. 
(c)  EUergill  Beds 
(ft)  Tetroffrapeus^heds,     {  ^^^  ^^  Didtrnograptus  nanus. 

^(a)  Dieho(fraptii8'heda. 

1.  BryograpiuS'heds.     =  Tremadoo  Slates. 

1897.  The  following  is  the  sequence  adopted  by  the  officers  of  the 
Geological  Survey  in  their  recent  memoir, '  Geology  of  the 
Country  between  Appleby,  Ullswater,  and  Haweawater' 
(p.  34):- 

6.  Milburn  Group,     f  Equivalents  of  the  lower  part  of  the 
4.  EUergill  Beds.        [     Borrowdale  Series. 
3.  Upper  Skiddaw  Slates. 

2.  Watch  Hill  Grits  (Arenig  Grit). 

1.  Lower  Skiddaw  Slates  and  Grassmoor  Grit». 

The  rocks  are  regarded  as  the  representatives  of  everything 
between  the  Middle  Cambrian  and  the  Upper  Arenig  rocks 
of  Wales. 

(i)   Palaeontological. 

1848.  In  1848  Prof.  Sedgwick  described  the  earliest  organisms 
that  were  found  in  the  Skiddaw  Slates  (Quart.  Journ.  Geol. 
Soc.  vol.  iv,  p.  223).  These  were  two  graptolites  which 
he  referred  to  Graptolites  Sagittarius  (His.)  and  Gr.  latus 
(M*Coy),  and  four  so-called  fucoids. 

1863.  No  further  additions  were  made  till  Salter  gave  a  list  in 
his  palaDontological  appendix  to  Harkness's  paper  '  On  the 
Skiddaw  Slate  Series'  (Quart.  Journ.  Geol.  Soc.  vol.  xix, 
p.  135).  In  this  he  gave  a  list  of  17  species  of  graptolites, 
and  he  also  figured  some  of  the  forms.  Several  of  these 
determinations  were  erroneous,  due  no  doubt  to  the  frag- 
mentary condition  of  the  specimens,  and  only  a  few  of  them 
find  a  place  in  a  modern  list. 

1868.  Nicholson's  paper  on  *  The  Graptolites  of  the  Skiddaw  Series' 
(Quart.  Journ.  Geol.  Soc.  vol.  xxiv,  pp.  125-145)  was  the 
first  systematic  memoir  on  the  fauna  of  these  beds.  The 
descriptive  part  of  it  is  exclusively  devoted  to  graptolites, 
which,  as  he  justly  remarks,  form  by  far  the  most  important 
part  of  the  fauna.  He  raised  the  number  of  species  to  24 
(omitting  several  of  Salter's),  and  the  number. of  genera  to  8 — 
Dichograpsusj  Tetragrapsus,  PhyVograpsus,  Didymograpsns^ 
DiplograpsuSj  Pleurograpsus^  Graptolites^  and  Dmdro- 
grapsus  (?), 

The  advance  made  in  our  knowledge  of  the  graptolites  in  general 
has  affected  many  of  the  names  and  identifications  adopted  in  that 
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paper.  Nicholson's  view,  as  there  given — namely,  that  all  the  forms 
from  the  Skiddaw  Slates  referred  to  the  genus  Monograptua  (Orapto- 
lithus)  were  merely  fragments  of  compound  graptolites — is  in  accord 
with  the  general  opinion  of  geologists  of  the  present  day,  the  genus 
Monograptus  being  wholly  unknown  in  the  Skiddaw  Slates.  His 
hesitation  in  admittiog  the  genus  Dendrograptus  has  also  been 
justified  by  the  fact  that  no  true  Dendrograpttut  is  yet  known  from 
these  beds.  Some  of  the  forms  referred  to  Dichograptus  in  that 
paper  have  since  been  made  the  types  of  new  genera  by  Nicholson 
or  others,  thus: — 

Dichograpsus  multiplex  is  now  known  as  Temnograptus  multiplex. 
Dichograpmu  reiiculatus  is  now  known  as  Schizograptus  reticuUUut. 
IHchograpsua  Logani  is  now  known  as  Loganograptus  Logani. 
DichograpSM  antennarius  is  now  known  as  Crypiograptiu  antennarius. 

Again,  Nicholson  has  subsequently  erected  one  of  the  forms  there 
referred  to  Didymograpsus  caduceus.  Salt.,  into  a  new  species 
/>.  gibbtrulus^  and  his  D,  serratulus  (Hall)  has  become  D,  Nicholsoni^ 
Lapw. 

Finally,  it  is  very  probable  that  other  forms  referred  to  by  him 
are  included  in  the  present  list  under  a  different  name.     Thus : 


His  Didwnograpsus  sextans  may  be  the  Dicellograptua  moffatensis 

His  Diavmograpsus  geminus  is  the  Ihdvmograptus  indenius 

His  Diplograpsua  mucrancUus  may  be  the  Cryptograptua  Hopkitt- 


of  the 
present 
paper. 

Since  Nicholson  wrote  that  paper,  he  has  himself  described  several 
new  genera  and  species  both  in  the  Geol.  Mag.  and  the  Ann.  & 
Mag.  Nat.  Hist.,  and  Lapworth  has  also  added  to  the  list. 

1894.  In  Geol.  Mag.  1894,  pp.  123-124,  Marr  gives  the  most 
complete  list  that  has  hitherto  appeared.  He  enumerates  4(5 
species,  belonging  to  21  genera.  Of  these  I  reject  both  the 
genera  Janograptus  and  Ctenograptus,  the  former  because  I 
think  the  determination  was  erroneous,  and  the  latter  because 
I  do  not  consider  that  the  form  in  question  is  a  graptolite  at 
all.  I  have  also  doubts  as  to  the  nature  of  Thamnograptws^ 
but  include  it  for  the  present. 

The  species  •  Tetragraptus  fruticostis '  (Hall)  I  have  never  seen 
in  the  Skiddaw  Slates,  though  there  are  two  species  allied  to  it 
occurring  in  the  beds,  with  which  I  think  it  has  been  confused.  I 
am  also  inclined  to  think  that  large  specimens  of  Didymogi^aptus 
hifidus  (Hall)  have  been  wrongly  referred  to  D.  Murchisoni  (Boeck.), 
and  I  consider  that  Diehograptus  Sedgwickii,  Salt.,  is  identical  with 
D,  octobrachiatus  (Hall).  This  reduces  Marr's  list  to  41  species, 
belonging  to  19  genera.  To  these  I  add  18  species  and  3  genera, 
bringing  the  total  up  to  59  species  belonging  to  22  genera;  but 
of  these  7  species  have  never  been  previously  recorded  in  this  country 
(they  are  indicated  by  an  asterisk  in  the  following  list)  and  7  are 
new  to  science.  The  following  are  the  genera  and  species  of 
graptolites  at  present  known  from  the  Skiddaw  Slates : — 
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Fam.  DiCHOORArriDJi  (Lapw.). 

Qenus  I.  Btyo^rapttu,  Lapw. 

8p.  (a)  Br.  ramosuM,  BrSgger,  Tar.  eumbrentia  dot. 
(b)  Br.  KjerMlfi^  Lapw. 
(0)  Br.  of.  CtUlaveit  Lapw. 
Genus  2.  xJonograptus,  HalL 

8p.(a)  C/ jr«rt^  (HaU). 

(b)  CI.  of.  teneUus*  (LinnarMOn). 
(o)  Cl.m, 
Genoa   3.  Loffanoaraptua^HnW. 

8p.  X.  Loffoni,  Hall : 
TariouA  types. 
G^us   4.  Ihnnoffraptms,  Nioh. 

Sp.  T.  multiplex,  Nioh. 
Genus   5.  PUurograptm,  Nich. 

8p.  PL  vagav$^  Nioh. 
Genus   6.  Trochograptus,  Holm. 

8p.  TV.  difnmu*  Holm. 
G^nus    7.  Pteroffraptus,  Holm. 

Sp.  Pt.  sp.» 
(3enus    8.  Schiroffrantw,  Nich. 

8p.  Sci.  reticulatus,  Nich. 

iSrA.  tardifurcatus^  sp.  nor. 
Genus    9.  Trichograjptu^^  Nich. 

Sp.  Tr.fragilii,  Nich. 
Genus  10.  JHchograptw,  Salt 

Sp.  2>.  octohrackiahu  (Hall) : 
Tarious  tjpes. 
2>.  separatva,  sp.  nor. 
Genus  11.  TWro^r^iM,  Salt. 

Sp.  (a)  r.  ^t^aftvt  (Hall). 

(b)  r.  critcifer  (Hall). 

(c)  r.  jy«fl<ii  (HaU). 

(d)  T.  pendens,  sp.  noT. 

(e)  T.  PoailethwaUii^  sp.  nor. 
(0  r.  quadrihrackiatHs  (Hall), 
(g)  r.  «erra  (Brongn.). 

Genus  12.  PhyUograpfus,  Hall. 

Sp.  (a)  Ph.  Anna,  Hall. 

(b)  PA.  angusfifolivs.  Hall. 

(c)  PA.  Uicifolius,  Hall. 

(d)  PA. ,  var.  grandis  nor. 

(e)  PA.  <j7)i«,  Hall. 
Genus  13.  Didi/mograptns,  M'Coy. 

Sp.  (a)  i.  ojfinia,  Nich. 

(b)  2>.  6j/?rf««  (Hall). 

(c)  D.  extenms.  Hall. 

(d)  D.  feuciculatus,  Nich. 

(e)  2>.  gibbendus,  Nich. 

(f)  i).  gracilis*  Tomq. 
(gj  2>.  indentus  (Hall). 

(n)  2>. .  Tar.  nanus,  Hopk.  &  Lapw. 

(i)  D.  Nicholsoni,  Lapw. 
(k)  J),  nifidus  (Hall). 
(1)  B.  patulus  (Hall), 
(m)  B.  V'fractus,  Salt 
(n)  B.  F'fractus,  var.  w/ucer,  H.  O.  Nich. 
Genus  14.  Ajsygograptus,  Nich.  &  Lapw. 
iSp.  (a)  A.  Lapworthi,  Nich. 

(b)  A.  Calebs,  Lapw. 

(c)  <<<.  suecicus*  Moberg. 
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Fmd.  NnusftJiPTiDJ^  Hopk. 

Gbnus  Leptograptus^  Lapw. 
Sp.  Z.  ip. 

Fmiu  Dicbakogeaptidj^  Lapw. 

Genui  IHceUograptus,  Hopk. 

Sp.  D,  moffatentU  (Carr.). 

Earn.  DiPLOORAPTiDA,  Lapw. 

C^nus  L  DiploffraptuM,  M'Ooj. 

Sp.  (a)  /).  denUUus  (Brongn.) 

(b)  D,  teretiutculus  (BUi.) 

(c)  2>.  appendiculafuSf*  Tornq.  MS. 
G^nu8  2.  CUmaeoffraptus,  Hm\L 

Sp.  CI.  Scharenbergi,  Lapw. 
C^nus  3.  Crypiograptui,  Lapw. 

Sp.  (a)  Or.  Hapkinsoni  (Nich.). 

fb)  Cr,  antennarim.  Hall. 
0)  Cr.  tricomis  (Carr.). 

Fam.  Gr<o8800RAPTTD^  Lapw. 

Genui  Giosaograptua^  Emmons. 

Sp.  (a)  Gl.  armaim  (WmM.), 

(b)  Gl.  Hinckni  (HoptV 

(c)  Gl.fimbriatM${Viojii,). 
Fam.  BmoLiTiDiB,  Lapw. 

Genui  TrigonograptuSf  Nich. 

Sp.  (a)  Tr.  enstformU  (Han). 
(b)  TV.  laneeolatus,  Nieh. 
Fam.? 

Genua  Tkamnograpttu,  Nich. 

Sp.  Th,  Daveri,  Nich. 

III.  Desosiption  of  Gekkra  and  Spbcibb. 

Genus  Bryograptus,  Lapw. 

(6)  Brtograptus  Kjbbulfi,  Lapw.     (Fig.  1,  p.  470.) 

1880.  Br.  Kjemlfi,  Lapw.  Ann.  Mag.  Nat.  Hist.  ser.  6,  toI.  t,  p.  164  ft  pi.  t, 
fig.  22. 

1882.  Br.  Kj«rn{fiy  Brdgger, '  Die  sQar.  Etagen  2  n.  8  im  Christiania-Gebiet,'  p.  87 
ft  pL  zii,  fig.  20a. 

'  The  rhabdosoma  oonsists  of  two  slender  primary  stipes  diverging 
from  a  conspicuous  sicula  at  a  small  angle.  From  the  inner  margin 
of  these  there  originate  two  or  more  compound  secondary  stipes. 
These  are  symmetrically  disposed,  and  the  earliest  ones  arise  near 
the  sicnla.  The  thecsB  number  twenty  to  the  inch  (eight  in  10  mm.) ; 
they  overlap  for  less  than  one-third  of  their  length,  and  are  inclined 
at  an  angle  of  about  20°.  Their  outer  walls  are  curved,  and  the  cells 
widen  slightly  in  the  direction  of  the  aperture,  which  is  concave. 
The  apertural  angle  is  about  110**.' 

The  sicula  of  this  species  is  decidedly  large,  being  commonly  ^ 
inch  in  length  (about  1*5  mm.).  From  its  apex  a  fine  thread-like 
prolongation  is  often  seen  to  extend;  this  is  without  doubt  the 
virgula  ('  nema '  of  Lapworth). 

Lapworth  gives  the  angle  of  divergence  of  this  species  as  40^ 
but  it  often  appears  larger,  owing  to  the  mode  of  preservation  of  the 
form. 
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The  species  is  characterized  bj'  its  shrub-like  form,  and  by  the 
fact  that  the  primary  stipes  have  a  tendency  to  run  parallel  to  each 
other,  after  the  first  divergence,  in  a  manner  which  forcibly  suggests 
the  habit  of  the  later  *  tuning-fork'  graptolites. 

Fig.  l,^Bryograptu8  Ejerulfi. 


Nat.  size. 
[Coll.  PoBtlethwaite.] 


XlO. 
[OolL  Brend.] 


Occurrence. — With  Bryograptus  ramosus  var.  cimibrensis  in 
Lower  Skiddaw  Slates. 

Locality. — Barf,  near  Keswick. 


(c)  BBToeBAPTUs  cf.  Caliavsi,  Lapw. 

1880.  ?Br,  CallavH,  Lapw.  Ann.  Mag.  Nat.  Hist.  ser.  6,  vol.  t,  p.  166  ft  pi.  ▼, 
fig.  21. 

This  form  seems  to  be  closely  related  to  Br.  Callavetj  Lapw., 
though  it  presents  some  minor  differences. 

'  The  rhabdosoma  consists  of  two  very  slender  flexuous  primary 
stipes,  which  diverge  from  the  sicula  at  a  rather  wide  angle.  From 
the  inner  margins  of  the  primary  stipes  secondary  branches  are 
given  off.  These  are  un symmetrically  disposed.  The  thecsB  number 
twenty-five  to  the  inch  (eleven  in  10  mm.) ;  they  are  in  contact  with 
each  other  ^-^  their  length,  and  are  long  narrow  tubes  of  uniform 
width  throughout  their  length.  They  are  about  5  times  as  long  as 
wide,  and  are  inclined  at  an  angle  of  20°.  Their  outer  walls  are 
straight.  The  apertures  are  straight,  but  oblique  to  general  direction 
of  stipe ;  the  apertural  angle  is  about  105^.' 

Unfortunately,  only  one  specimen  of  this  Fig.  2.  —  Bryograptus 
form  has  been  found,  and  in  this  there  are  Callavei  (coll.  Wood^ 
only  two  secondary  branches,  and  even  these 
are  incomplete.  It  seems  to  be  a  very 
slender  form,  the  idaximum  width  being 
only  -^  inch  (*63  mm.).  The  sicula  is  less 
conspicuous  than  in  the  other  Bryograpti 
known  from  the  Skiddaw  Slates;  it  does 
not  exceed  ^  inch  in  length  (1*05  mm.). 


wardian  Museum). 


[Nat.  lise.] 
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Fig.  3. — Bryograptus  ror- 
mosus  var.  cumbrensis. 


This  specimen  appears  to  differ  from  the  typical  Br,  Callavei  in 
(1)  wider  divergence  of  stipes ;  (2)  greater  number  of  thee©  to  the 
inch,  twenty-eight  instead  of  twenty. 

The  specimen  was  figured  by  Marr  (Geol.  Mag.  1894,  p.  130, 
^g.  6). 

Occurrence. — ^Lower  Skiddaw  Slates. 

Locality. — Barf^  near  Keswick. 

(a)  Bbtooraptus  bamosus,  Brogger,  var.  cuubbensis  nov. 

The  rhabdosoma  consists  of  two  slender  primary  stipes  diverging 
from  a  large  (-r^  inch,  1*58  mm.)  and 
clearly  defined  sicula  at  a  small  angle. 
The  virgula  is  sometimes  well  preserved. 
From  the  inner  margins  of  the  primary 
stipes  originate  two  or  more  compound 
secondary  branches.  These  are  unsym- 
metrically  disposed,  and  may  arise  near 
the  sicula  or  quite  remote  from  it.  The 
thecffi  number  twenty-four  to  the  inch 
(nine  to  ten  in  10  mm.) ;  they  are  widest 
at  their  apertures ;  their  outer  walls  are 
straight  or  very  slightly  curved.  They 
are  in  contact  with  each  other  for  rather 
less  than  half  their  length,  and  are  in- 
clined at  an  angle  of  about  20^.  The 
apertures  are  concave,  and  the  apertural 
angle  varies  between  115°  and  120°. 

The  irregular  and  unsymmetrical 
branching  shows  the  near  relationship 
of  this  form  to  Brdgger's  typical  Br, 
ramosus.  But  in  the  variety  here  de- 
scribed the  secondary  branches  may  be 
near  the  sicula  or  remote  from  it,  whereas 
Brogger  states  that  in  the  typical  form 
they  are  always  remote.  This  variety, 
then,  differs  from  the  typical  form 

(1)  In  the  position  of  the  irregularly 
disposed  secondary  branches. 

(2)  In  the  number  of  thecaB  to  the 
inch;  Brogger's  type  having  forty 
to  fifty  in  the  inch  (sixteen  to 
twenty  in  10  mm.),  whereas  in 
this  variety  the  number  never  ex- 
ceeds twenty- four  (nine  to  ten  in 
10  mm.). 

Br.  ramosus  var.  cumbrensis  differs 
from  Br,  Kjtrulfi^  Lapw.,  to  which  it 
has  sometimes  a  superficial  resemblance, 

(1)  In  unsymmetrical  branching. 

(2)  In  the  character  of  the  cells^  and 
their  number  to  the  inch. 


Nat.  sise. 
[OoIIb.  PosUethwaite  k 
Woodwardian  Mus.] 


Fig.  4. — Diagram  show- 
ing the  point  of  origin 
of  the  earliest  theca 
(see  also  fig,  l^p.  470), 


[XIC] 


Digitized  by  VjOOQ IC 


472  11188  e.  L.  KLLB8  OF  THX  GBAPTOLITB  [Aog.  1 898, 

The  specimens  now  placed  in  this  new  variety  were  in  1894  pro- 
visionally referred  by  Mr.  Marr  to  Br.  ramonu^  Brogger/  A  closer 
examination  has,  however,  convinced  me  that  all  the  Skiddaw 
Slate  forms  resembling  Br,  ramotut  should  be  regarded  as  a  distinct 
variety  of  that  species,  and  in  this  opinion  Mr.  Marr  himself  now 
concurs. 

Occurrence. — ^The  variety  oocurs  in  the  Lower  Skiddaw  Slates 
associated  with  Br.  Kjerulfi,  and  I  have  seen  one  specimen  on  a  slab 
containing  Tetragrapttis  Bigsbyi  (Hall). 

Locality. — Barf,  near  Eeewick. 

Note  on  the  Structure  of  Bryograptut, 

The  examination  of  several  specimens  of  Bruograptus  in  different 
stages  of  growth,  preserved  in  many  ways  ana  in  various  positions, 
has  convinced  me  that  the  stipes  originate  from  the  sicala  in  a 
manner  which  is  in  all  respects  identical  with  that  described  for 
DidymograpttiS, 

Fig.  6. — Stages  in  the  development  of  Bryograptus 
{coU.  W.  A,  Brend). 


[X5.] 


The  *  initial  bud '  in  Br,  ramosus  var.  eumbrengU^  and  I  believe 
also  in  Br,  KjeruHfiy  arises  on  the  left  side  of  the  sicula  at  a  point 
about  midway  between  apex  and  aperture.  It  then  grows  down 
towards  the  aperture  of  the  sicula,  closely  adpressed  to  it,  and  before 
it  diverges  there  is  developed  from  it  what  seems  to  be  the  connecting- 
canal  ;  this  grows  obliquely  across  the  back  of  the  sicula,  and  ulti- 
mately gives  rise  to  the  first  theca  of  the  right  primary  stipe.  The 
phylogenetic  value  of  this  will  be  discussed  later. 

Genus  Clonograptus^  Hall. 

The  branching  in  this  genus  differs  from  that  of  Dichagraptue 
and  Loganograptus^  in  that  the  ultimate  dichotomous  division  takes 
place  at  a  greater  distance  from  the  point  of  first  dichotomy. 

1  Geol.  Mag.  1894,  p.  130. 
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(a)  CLoiToeRAPTUs  FLEXHJS  (Hall). 

1858.  Qraptolithutfiexau,  Hall,  Qeol.  Sarv.  Canada  Rep.  1857,  p.  119. 
1866.  OraptolUhuBjUxilis,  Hall, '  Orapt.  of  the  Quebec  Group,'  Qeol.  Surv.  Canada, 
dec.  2,  p.  103  A  pi.  X,  figs.  3-9. 
1873.  CUmograptuBjUxilU,  Nich.  Ann.  Mag.  Nat.  Hist.  ser.  4,  vol  zi,  p.  138. 

A  slab  in  the  British  Museam  (Nat.  Hist.)  shows  three  specimens 
referable  to  this  species,  and  two  of  these  are  exceedingly  good.* 

The  dichotomy  takes  place  at  fairly  distant  intervals,  the  distance 
increasing  with  remoteness  from  the  base.  The  larger  of  the  two 
good  specimens  has  seventeen  ultimate  stipes,  but  these  are  by 
no  means  all  of  the  same  order. 

(1)  From  the  lower  right-hand  stipe  of  the  2nd  order,  four 
branches  of  the  5th  order  and  two  of  the  4th  order  arise  as 
the  result  of  repeated  dichotomous  division.^ 

(2)  From  the  upper  right-hand  stipe  of  the  2nd  order  only 
two  stipes  of  the  5th  order  are  developed ;  the  others  are  of 
the  4th  order,  and  show  no  signs  of  further  division. 

(3)  From  the  upper  left-hand  stipe  of  the  2nd  order  no 
branches  of  a  higher  order  than  4  are  developed,  and  these 
persist  as  long  single  stipes. 

(4)  From  the  lower  left-hand  stipe  of  the  2nd  order  only  two 
long  stipes  of  the  3rd  order  are  developed. 

This  may  be  graphically  represented  thus : — 

4^-f2"^+2^+8r^+4^-|-2'"-6^+9'^+2"^-17. 

The  formula  for  a  typical  Chnograpius  should  be 

8^+8^+8^+8^-32. 

There  has  been  therefore  considerable  atrophy. 

In  the  smaller  of  the  two  specimens  there  are  only  thirteen 
ultimate  stipes,  and  none  of  an  oider  higher  than  4 : — 

(a)  Order  2  gires  rise  by  diohotomous  division  to  four  stipes  of  order  4=4^, 
(6)  Order  2  „  „  „  two  stipes  of  order  4  and  one  of 

order  3=2'^+ 1"^ 
(c)  Order  2  »»  it  ».  two  stipes  of  order  3=2"!. 

(rf)  Order  2  „  „  „  four  stipes  of  order  4= 41^. 

Total:  10"'+3"'=  13. 

The  stipes  are  all  slender  and  flexuous ;  they  increase  in  width 
from  their  origin  up  to  a  maximum  of  ^  inch  (1-05  mm.). 
The  thecce  are  clearly  seen  on  several  of  the  stipes,  and  on  sti^ies 

^  [Since  writing  the  aboTe  I  have  bad  reason  to  doubt  that  these  specimens 
came  from  the  Lue  District ;  but  as  the  species  unquestionably  occurs  at  Barf, 
the  description  is  allowed  to  stand.] 

'  Tlie  so-called  '  funicle  *  is  regarded  as  consisting  of  two  stipes  of  the  Ist 
order,  in  accordance  with  reoent  work.  Compare  the  description  of  Tetra- 
graptu9  quadribrachiatus  (Hall),  p.  485. 
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of  every  order.  They  number  about  twenty-five  to  the  in ch  (ten 
in  10  mm.).  They  are  narrow  tubes,  with  slightly  curved  walls, 
and  are  four  times  as  long  as  wide ;  they  are  inclined  at  an  angle  of 
about  30^,  and  are  in  contact  for  half  their  length.  These  apertures 
are  straight,  and  are  perpendicular  to  the  general  direction  of  the 
stipe. 

In  no  specimen  have  I  observed  a  disc 

L  0  0  a  1  i  t  y. — Unknown. 

(&)  Clonoobaptus  cf.  TENBLLus  (Linnarssou). 

1871.  Dicho^ptut  (?)  tensUui,  Linnanson,  Ofv.  EongL  Vet.  Ak.  Forfa.  Stock- 
holm, vol.  xxviii,  no.  6,  p.  795. 

1876.  Bichograptus  tenellus,  Linnarsson,  Geol.  Mag.  dec.  2,  vol.  iii,  p.  242. 

1892.  Clonograptus  teHellu$,  Moberg,  Geol.  Foren.  Stockholm  ForhandL  vol  ziv, 
p.  89  A  pi.  ii,  figs.  1-3. 

A  slab  on  which  are  two  specimens  of  a  species  closely  resembling 
Linnarsson's  CI.  tenellus  is  in  Mr.  Postlethwaite's  collection ;  it  was 
shown  to  Prof.  Lapworth  some  years  ago,  and  he  then  said  that 
it  seemed  to  him  to  be  identical  with  a  form  occurring  in  the 
Tremadoo  Beds  of  North  Wales. 

The  best  specimen  is  by  no  means  perfect,  but  it  is  well  pre- 
served ;  it  shows  the  two  stipes  of  the  Ist  order,  and  three  out 
of  the  four  stipes  which  arise  from  these  by  dichotomous  division. 
The  other  stipe  is  embedded,  and  only  two  out  of  the  three  are  seen 
to  divide  further.  Stipes  of  5  orders  are  visible  within  a  length 
of  1^  inch  (31'7  mm.).  The  angle  between  the  stipes  of  order  2 
is  90°,  between  those  of  order  3, 75°,  those  of  order  4,  60°,  and  those 
of  order  5, 50°.  The  branches  become  longer  as  they  reach  a  higher 
order :  in  other  words,  the  distance  between  the  points  of  dichotomy 
increases  with  remoteness  from  the  base. 

The  species  is  very  slender ;  it  never  exceeds  t^^  inch  ('5  mm.)  in 
width,  including  the  thecse.  The  stipes  are  very  slightly  flexuous. 
The  thecsB  number  twenty  to  the  inch  (five  in  10  mm.) ;  they  are 
inclined  at  a  very  low  angle,  and  are  in  contact  for  a  very  short 
distance  at  their  base ;  their  outer  wall  is  straight  or  very  slightly 
curved.  The  apertures  are  concave,  submucronate,  and  very  slightly 
oblique  to  the  general  direction  of  the  stipe.  The  species  is  cha- 
racterized by  its  extreme  tenuity. 

Looality&Horizo  n. — Barf.     Lower  Skidda  w  Slates. 

(c)  Clonograptus  sp. 

On  many  slabs  of  the  Skiddaw  Slates  I  have  observed  several 
dichotomously-divided  stipes  of  what  I  believe  to  be  a  species  of 
Clonograpttts^  though  in  their  fragmentary  condition  specific  deter- 
mination is  not  possible.  For  the  most  part,  they  appear  to  be  the 
ultimate  stipes;  they  are  slender,  flexuous,  and  rather  delicate, 
having  a  maximum  width  of  not  more  than  ^  inch  (1*05  mm.). 

The  thecse  are  very  clearly  seen ;  they  are  long  narrow  tubes, 

of  uniform  width,  numbering  twenty  to  the  inch  (eight  in  10  mm.). 

They  are  in  contact  for  two-thirds  of  their  length,  and  have  straight 

apertures,  which  are  situated  perpendicularly  to  the  general  direction 

'^  the  stipe. 
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Ocenrrence. — In  the  Middle  Skiddaw  Slates,  associated  with 
Dlcho^raptus  octobrachiatus. 

Localities. — Barf ;  Randal  Crag,  Skiddaw  ;  Slape  Crags,  above 
Hope  Gill,  Brackenthwaite ;  Carlside  Edge  ;  Bassenthwaite  Sand- 
beds. 


Genus  Loganograptus  (Hall)  modified. 

The  description  of  the  genns  Loganograptus  given  by  Hall  ran  as 
follows : — 

'  Polypary  consisting  of  more  than  eight  simple  stipes  proceeding 
from  a  single  axis,  with  a  distinct  broad  corneous  disc'  (See 
'  Introd.  to  the  Study  of  Graptolitidae,'  20th  Ann.  Rep.  N.Y.  State 
Cab.  Nat.  Hist.  1867,  p.  226.) 

This  definition  requires  modification,  for  it  would  seem  to  imply 
that  the  presence  of  a  disc  is  essential,  and  that  the  number  of 
stipes  is  sufficient  ground  for  separating  the  form  from  Dicho- 
graptus.     This  does  not  seem  to  be  the  case : — 

(1)  Forms  are  known  precisely  similar  in  every  detail,  with 
the  exception  of  the  disc.  It  seems  likely,  therefore,  either 
that  the  disc  has  perished  during  preservation,  or  was  only 
developed  to  meet  special  needs,  and  consequently  its  presence 
is  not  of  generic  value. 

(2)  The  number  of  stipes  is  not  an  important  distinction,  but 
rather  the  capacity  in  Loganograptus  for  greater  dichotomy. 

A  complete  Dichograptus,  as,  for  example,  a  typical  D.  octo- 
brachiatus (Hall),  is  a  form  in  which  dichotomy  can  occur  only  twice 
in  all.  In  Loganograptus,  on  the  other  hand,  dichotomy  may  take 
place  three,  four,  or  more  times.  In  both  genera  it  always  takes 
place  near  the  base. 

The  number  of  stipes  varies  with  the  completeness  of  the  dicho- 
tomy ;  a  form  may  have  only  six  stipes,  and  yet  be  referable  to  the 
genus  Loganograptus,  as  I  shall  show.  I  am  not  aware  that  a 
greater  number  of  stipes  than  thirty- two  has  ever  been  recorded. 
The  various  otber  numbers  that  are  met  with  are  the  result  of  failure 
of  complete  dichotomy.  A  specimen  before  me  has  only  seven  stipes, 
and  yet  it  must  be  referred  to  Loganograptus,  since  it  shows  a  greater 
capacity  for  dichotomy  than  is  ever  shown  by  Dichograptus,  In 
this  form  all  four  stipes  of  the  2nd  order  are  developed,  but  only 
two  of  these  undergo  further  division,  so  that  only  four  stipes  of 
the  3rd  order  are  produced ;  of  these  only  one  undergoes  further 
diyision.     The  number,  therefore,  is  made  up  as  follows: — 

211+3"' +2'^=7. 

Similarly,  it  is  possible  to  have  a  Loganograptus  with  only  six 
stipes ;  in  this  case  three  out  of  the  four  stipes  of  the  2nd  order 
persist  as  single  stipes ;  the  fourth  divides  dichotomously,  giving  rise 
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to  two  stipes  of  the  drd  order,  one  of  which  persists,  and  one  is 
again  dichotomously  divided : 

The  definition  of  Loganograptxu  should  mn  thus  : — 
Bhabdosoma  typically  symmetrical ;    short  branches  of  the  Ist 
order  arise  on  either  side  of  the  sicula,  and  these,  by  repeated 
dichotomous  division,  give  rise  to  a  form  whose  branches  vary  in 

n  amber  6-32 ?    Dichotomy  never  takes  place  less  than  3  times. 

Disc  may  be  present  or  absent. 

LOOANOORAPTUS  LoOAKI,  Hall. 

1868.  Grapiolithus  Logani,  Hall,  Oeol.  Surv.  Canada  Rep.  1867,  p.  116. 

1866.  Qraptolithu9  Logani,  Hall, '  Grapt.  of  Quebec  Group/  Geol.  Surv.  Canada, 
dec.  2,  p.  100  &  pi.  ix,  figs.  1-9. 

1867.  Loganograptu8  Logani,  Hall,  *  Introd.  Study  Graptolitida/  N.Y.  SUte  Cab. 
Nat.  Hist.  20tb  Ann.  Rep.  p.  226. 

This  species  is  abundant  in  the  Skiddaw  Slates,  but  none  of 
the  specimens  that  I  have  seen  possess  more  than  sixteen  stipes ; 
and  there  are  specimens  with  twelve,  ten,  nine,  eight,  and  seven 
stipes  respectively.  All  dichotomy  takes  place  within  ^  inch 
(4*23  mm.)  from  the  point  of  origin  of  the  earliest  stipes. 

The  stipes  of  the  1st  order  are  about  Jj  inch  long  (1'05  mm.), 
those  of  the  2nd  order  j^  inch  (1*5  mm.),  and  those  of  the  3rd 
order  -^^  inch  (2'1  mm.),  while  those  of  the  4th  order  may  be 
2  inches  or  more  in  length  (50'8  mm.).  These  stipes  are  narrow 
at  their  origin,  but  widen  to  a  maximum  at  ^  inch  (1*5  mm.). 

The  thec8B  are  twenty-two  to  twenty-four  in  the  inch  (eight  to  nine 
in  10  mm.),  they  are  inclined  at  35°,  are  free  for  about  half  their 
length,  and  have  their  apertures  placed  almost  perpendicularly  to 
the  general  direction  of  the  stipe. 

One  specimen  from  Oaterside  now  in  the  British  Museum  (Nat. 
Hist.)  has  sixteen  stipes,  and  is  figured  by  Nicholson.* 

Occurrence. — Middle  Skiddaw  Slates. 

Looalitie s. — Randal  Crag,  Skiddaw ;  Barf ;  Outerside. 

Genus  Trichograptus^  Nich. 
Trichograptus  fbagilis,  Nich. 

1869.  Bichograpsut  fragilU,  Nich.  Ann,  Mag.  Nat.  Hist.  ser.  4,  voL  iv,  p.  232  8t 
pi.  xi,  figs.  1-3. 

1876.  Trichograptus  fragilUy  Nich.  Geol.  Mag.  dec.  2,  vol.  iii,  p.  248. 

The  only  specimens  of  this  delicate  little  species  known  to  me  are 
the  types  which  are  in  the  British  Museum  (Nat.  Hist.).  The 
species  is  very  fragile,  and  is  peculiar,  in  that  of  the  four  stipes 
of  the  2nd  order  produced  as  a  result  of  the  dichotomy  of  tiie 
earliest  stipes,  the  two  upper  ones  are  alone  capable  of  further  sub- 
division, the  other  two  persisting  as  single  stipes. 

Nicholson  regards  the  branches  given  ofif  by  the  two  upper  stipes 
as  lateral,  and  he  therefore  refers  them  all  to  the  same  order  of 
branching — the  3rd  order. 

^  '  Monograph  of  the  British  Graptolitidie/  1872,  p.  109,  fig.  52  c. 
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Occnrre  Dce. — Ellergill  Beds  =  Upper  Skiddaw  Slates. 

Localities. — Thornship  Beck,  near  Shap  ;  Ashlock  Sike. 

Note. — The  foregoing  distinction,  between  '  dichotomons '  and 
'  lateral '  branching,  is  arbitrary.  In  the  above  species,  and  some 
of  those  next  to  be  described,  I  call  the  branching  lateral  when 
the  original  stipe  continues  to  grow  in  the  same  direction  after 
division  as  before,  but  dichotomous  when  continuation  of  growth 
in  the  original  direction  would  bisect  the  angle  between  the  two 
stipes  resulting  from  such  division.  The  appearance  of  the  rhab- 
dosoma  in  the  two  cases  is  very  different. 

I  have  been  unable  to  determine  whether  such  lateral  branching 
results  merely  from  the  unequal  instead  of  equal  division  of  the 
common  cunal,  which  has  been  shown  to  occur  in  true  *  dichotomy.'  ^ 
It  might  conceivably  be  of  a  totally  different  nature,  as,  for  example, 
the  result  of  budding  from  one  of  the  t^ecce  of  the  main  stipe ;  but 
certainly  in  some  cases  the  first  view  is  the  correct  one. 

Note  on  the  Genera  Temnograptus,  Wich, ;  Schizograptus^  l^ich.; 
Trochograptus,  Holm  ;  Holograptus^  Holm  ;  and  RouviUi- 
graptus^  Barrois. — The  species  belonging  to  the  genera  Temno- 
graptus,  Schizograptus^  and  Trochograptus,  which  will  now 
be  described,  are  closely  allied  to  each  other  and  to  the  genera 
Holograptus  and  Rouvilligraptus.  The  appended  table  (I, 
p.  478)  indicates  some  of  the  more  important  differences 
between  them. 

Genus  TemnograptuSy  Nich. 
Temkograptus  multiplex,  Nich.    (Fig.  6,  p.  479.) 

1868.  Dichograpsua  multiplex,  Nich.  Quart.  Joarn.  Geol.  Soc.  vol.  xxiv,  p.  129  A 
pi.  vi,  figs.  1-3. 
1876.  Temnoffraptus  multiplex,  Nich.  Geol  Mag.  dec.  2,  vol.  iii.  p.  248. 

There  is  only  one  specimen  of  this  species  in  the  Woodwardian 
Museum,  and  if  the  branching  is  dichotomous,  as  it  appears  to 
be,  there  are  at  least  six  orders  of  stipes.  These  result  from  the 
dichotomous  division  of  one  of  the  stipes  of  the  2nd  order;  all 
the  others  are  incomplete. 

The  stipes  of  the  Ist  order  are  short,  being  about  A  inch  in 
length  ;  those  of  the  2nd  order  are  rather  longer  than  ^  inch ;  the 
stipes  of  the  remaining  orders  arise  as  a  result  of  dichotomous 
division  at  intervals  of  about  an  inch. 

The  angles  between  the  stipes  diminish  steadily  as  they  get  farther 
away  from  the  base  : — 

Angle  between  two  stipes  of  Order  2=90°  (about) 
„  „        of  Order  3=75°  (about) 

„  „        of  Order  4=70°  (about) 

„  „        of  Order  5=50°  (about)       • 

„  „        of  Order  6=40°  (about) 

This  may  or  may  not  be  a  character  of  importance. 
Occurrence. — Middle  Skiddaw  Slates. 
Locality. — Near  Peelwyke,  Basse  nth  waite. 

*  Holm,  Geol.  Foren.  Stockholm  Forhandl.  toL  xrii  (1895)  p.  319. 
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Fig.  6. — ^TemnograptiiB  multiplex,  Ifieh. ;  eoU.  Wbodwardian  Mui. 


[Nat  size.    For  deaoriptioii,  see  p.  477.] 

Grenus  Trochograptu$y  Holm. 

TiocHooBAPTus  DiFFusTTB,  Holm.    [PL  XXVII,  faciDg  p.  480.] 

1881.  Troeho^raptus  diffusus.  Holm,  Ofv.  Kongl.  Vet.  AbuL  Stockholm  Fdrh. 
ToL  xxxviii,  no.  9,  p.  49  A  pL  xiii. 

There  are  two  excellent  specimens  of  this  species  in  the  Keswick 
Mosenm,  labelled  '  Pleurograptut  vagans^  Nich.,  a  less  perfect  one 
in  the  Woodwardian  Museum  at  Cambridge,  which  has  heen 
erroneously  referred  to  Temnograptus  mtdtipltx^  Nich.,  and  another 
in  Prof.  Nicholson's  private  collection.  One  of  the  specimens  in 
the  Keswick  Museum,  in  addition  to  many  stipes  of  the  4th  order, 

a  J.  G.  8.  No.  215.  2l    (  v^nolo 
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shows  one  of  the  5th  order,  but  in  the  other  specimen  there  appears 
to  be  no  stipe  of  a  higher  order  than  4.  The  stipes  of  the  Ist 
order  divide  dichotomously,  bat  all  subsequent  branching  appears  to 
be  lateral ;  the  lateral  stipes  are  always  on  the  same  side  of  the 
main  stipe,  and  curve  in  the  same  direction.  The  branching  takes 
place  at  very  irregular  intervals,  but  there  appears  to  be  sometimes 
a  general  plan  that  the  distances  between  the  stipes  are  greater 
the  more  remote  the  stipe  is  from  the  base.  Thus  in  one  specimen 
lateral  branching  traced  along  the  main  stipe  takes  place  (a)  after 
1  inch  (25-4  mm.),  (6)  after  1|  inch  (31-7  mm.),  (c)  after  Ij  inch 
(38  mm.).    The  angles  between  the  stipes  gradually  deoreape : — 

(a)  Angle  between  two  ftipee  of  Order  2=90^ 

(b)  „  „        of  Order  3=76o 

(c)  „  „        of  Order  4=66<' 

There  are  twenty-five  theose  in  the  space  of  an  inch  (ten  in  10  mm.). 
Both  specimens  in  the  Keswick  Museum  show  a  small  square  disc 
whose  diameter  is  about  |  inch  (6*3  mm.) ;  but  the  type-specimen 
has  none,  nor  has  the  specimen  in  the  Woodwardian  Museum. 

Occurrence. — Middle  Skiddaw  Slates. 

Localities. — Scale  Hill;  Low  Bridge,  Whit  Beck,  near  High 
Lorton ;  Grisedale  Pike. 

Genus  Schizof/rapius,  Nich. 

SCHIZOGRAPTtJS  RBTTCULATUS,  Nich. 

1868.  IHchograp$u9  reti<mlatu9,  Nicb.  Quart.  Jonm.  OeoL  See.  vol.  xxiv,  p.  143, 
pi.  V,  figs.  4  A  6. 

1876.  8chizograpt%$  reticuUtins,  Nich.  Oeol.  Mag.  dec.  2,  vol  iii,  p.  248. 

The  stipes  in  this  species  are  characteristically  straight  and  rigid, 
and  the  whole  rbabdosoma  resembles  a  branched  Tetragraptus  of  the 
quadrihrachiatus'iy^e.  There  are  branches  of  three  orders  only. 
The  two  stipes  of  the  Ist  order  are  very  short,  and  measure  together 
not  more  than  ^  inch  (2*1  mm.) ;  four  stipes  of  the  2nd  order  arise 
from  these  as  a  result  of  dichotomous  division.  These  constitute 
the  main  stipes  of  the  rbabdosoma,  and  from  these  are  given  off 
lateral  stipes  nearly  at  right  angles  snd  all  on  the  same  side.  The 
first  stipe  of  the  3rd  order  is  given  off  at  a  distance  of  about  \  inch 
(6*3  mm.)  from  the  point  of  dichotomy,  and  the  second  at  a  distance 
of  -j^  inch  (10*5  mm.)  from  the  first.  On  one  main  stipe  whose  total 
length  is  3  inches  (76  mm.)  only  two  lateral  stipes  are  visible,  and 
both  these  arise  within  the  first  f  inch  of  its  length  (17  mm.).  On 
no  stipe  have  I  seen  more  than  two  stipes  of  the  3rd  order;  there- 
fore it  would  seem  likely  that  none  were  developed. 

The  thecae  number  twenty-five  to  the  inch  (ten  in  the  space  of 
10  mm.),  and  are  inclined  at  a  low  angle. 

Localities. — Scale  Hill,  near  Crummock;  Barf. 

SCHIZOGHAPTUS  TARDIFUKCATUS,  Sp.  UOV.   (Fig.  7,  p.  481.) 

This  species  is  very  closely  allied  to  the  foregoing.  It  also 
strongly  recalls  a  Tetragraptus  of  the  quadribrachiatus-ty]^. 

The  rbabdosoma  consists  of  two  short  branches  of  the  1st  order 
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Fig.  7. — Schi^ograptus  tardi- 
furcatus,  sp.  nav.  {coll. 
FostUihwaile). 


[Nat.  size.] 
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measuring  together  ^  inch  (2*1 
mm.) ;  four  stipes  of  the  2nd 
order  are  developed  from  these  as 
a  result  of  dichotomous  division. 
These  constitute  the  main  stipes 
of  the  rhabdosoma.  On  each  main 
stipOyat  a  distance  of  ^^  inch  (14*7 
mm.)  from  the  point  of  dichotomy, 
the  first  lateral  branch  is  given  off 
at  an  angle  of  about  70^ ;  a  second 
lateral  branch  at  a  similar  angle,  at 
a  distance  of  h  inch  from  the  first 
(8*5  mm.) ;  and  a  third  at  the  same 
augle,  and  at  a  similar  distance. 
There  seems  to  be  no  further 
branching. 

The  length  of  the  stipes  is  1|  to 
2  inches  (44  to  50  mm.),  and  the 
maximum  width  is  -^  inch  (1*05 
mm.). 

All  details  regarding  the  theco) 
are  obscure,  but  they  number  twenty 
to  the  inch  (eight  in  10  mm.),  are  in 
contact  for  about  half  their  length, 
and  have  oblique  apertures. 

The  species  differs  from  Schizograptas  reticulalus, 

(1)  In  having  throe  branches  of   the  3rd  order,  and  these 

situated  closer  together  ; 

(2)  In  lateness  of  development  of  the  lateral  branches. 
L  0  c  al  i  t y . — Carlside  Edge. 

Genus  Pleurograptus,  Nich. 

FLEUROeRAPTUS  VA0AN3,  Nioh. 

1868.  Plsurograptut  varans,  Nich.  Quart.  Journ.  Geol.  Soc.  vol.  xxiv,  p.  144 
pi.  vi,  figs.  4  &  6. 

The  specimen  is  only  a  fragment,  but  it  seems  to  be  identical 
with    that  figured 

by  Nicholson  (op.  Fig.  8. — Pleurograptus  vagans 

cil.  fig.  4).  It  shows  {coll,  FostUthwaite), 

a  main  stipe  giving 
off  a  number  of 
simple  lateral  stipes 
at  an  angle  of 
about  60^.  These 
are  given  off  at 
irregular  intervals, 
and  from  one  side 
only;  as  many  as 
ten  may  be  count- 
ed, but  of  these 
only  two  show  the 
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cbaracters  of  the  thecsB  clearly ;  the  remaining  stipes  show  the  tiiecal 
apertures,  or  else  the  dorsal  side  of  the  stipe  is  tamed  towards 
the  observer,  and  nothing  is  seen  of  the  thecse.  The  stipes  are 
narrow  at  their  origin,  but  widen  to  a  maximam  width  of  -jV  inch 
(21  mm.). 

The  thecae  are  of  the  general  Dlchoffrapttu-ty^ ;  they  number 
twenty-four  to  the  inch  (nine  to  ten  in  10  mm.),  are  inclined  at 
56**,  and  are  in  contact  for  the  greater  part  of  their  length.  The 
apertures  are  submucronate,  and  are  inclined  to  the  general  direction 
of  the  stipe  at  an  angle  of  130^. 

The  specimen  is  in  Mr.  Postlethwaite's  collection. 

Localities. — Carlside  Edge;  Scale  Hill,  near  Crummock  (type- 
s|>ecimen). 

Genus  Pterograptus,  Holm. 

Pterograpttts  (?)  sp. 

At  Aik  Beck  there  occur  numerous  broken  stipes  of  a  graptolite 
which  seems  more  closely  related  to  Pterograptus^  Holm,  than  to 
any  other  known  form.  All  the  specimens  that  I  have  seen  belong 
to  Prof.  H.  A.  Nicholson,  by  whom  they  were  sent  to  me. 

The  stipes  so  often  appear  isolated  that  I  am  inclined  to  think 
that  their  attachment  to  the  main  stipe  must  have 
been  of  a  very  slender  nature ;  this  fact  led  me  Fig.  9. 

at  first  to  think  that  the  form  was  a  new  species  Pterograptu8(?): 
belonging  to  the   genus  AzygograpiuSy   until   I    coll,  Nicholson, 
developed  out  a  specimen  showing  lateral  stipes 
still  attached  to  the  main  stipe. 

The  branching  in  this  specimen  and  the  general 
characters  of  the  rhabdosoma  (so  far  as  I  have  been 
able  to  make  them  out)  recall  some  Swedish 
specimens  of  Pterograpttts,  which  diflfer  from  the 
species  described  by  Holm.  In  view  of  the  frag- 
mentary' condition  in  which  the  form  occurs  in 
the  Skiddaw  Slates  I  will  not  attempt  a  specific 
diagnosis,  but  will  merely  note  the  characters  so  [Nat.  sise.] 

far  as  I  have  been  able  to  determine  them. 

All  the  stipes  are  alike,  and  gradually  widen  from  their  point  of 
origin  to  a  maximum  width  of  -^  inch  (about  '5  mm.)  opposite  the 
apertures  of  the  thecee. 

The  branching  appears  to  take  place  at  fairly  regular  intervals 
along  the  main  stipe,  but  is  different  from  that  of  Pterograpttts 
flegnns.  Holm.  In  that  species  branches  are  given  ofl'  from  each 
of  the  first  seven  thecsB  on  each  maiti  stipe,  but  in  the  form  in  the 
Skiddaw  Slates  there  are  at  least  three  thecae  between  the  lateral 
stipes.  The  lateral  stipes  are  given  off  alternately  on  each  side  of 
the  main  stipe.  All  the  stipes  are  concavely  curved,  and  the 
thecflD  are  always  on  the  inside  of  the  curve.  These  number  between 
fifteen  and  twenty  to  the  inch  (seven  to  eight  in  10  mm.) ;  they 
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are  inclined  at  20°,  are  in  contact  with  each  other  for  a  very  small 
fraction  of  their  length,  and  their  apertures  are  inclined  to  the 
general  direction  of  the  stipe  at  an  angle  of  about  90°.  The  thecae 
are  about  ^  inch  long  (2*1  mm.)  in  the  mature  parts  of  the  stipes, 
and  are  about  5  times  as  long  as  wide;  their  outer  wall  has 
commonly  a  very  slight  concave  curvature. 

Occurrence.— Ellergill  Beds(?). 

L  o  c  a  1  i  t  y. — Aik  Beck,  Pooley. 


Genus  Dichograptus  (Salt.),  modified. 

Rhabdosoma  bilaterally  symmetrical.  Two  branches  are  developed 
on  either  side  of  the  sicuia ;  these  divide  dichotomously  after  a  short 
distance  giving  rise  to  four  branches  of  the  second  order,  which  are 
in  their  turn  capable  of  dichotomous  division  at  a  short  distance 
from  the  point  of  the  first  dichotomy.  The  stipes  of  the  third  order 
never  divide  again.     A  disc  may  be  present  or  absent. 

DlCHOOBAPTUS   OCTOBRACHIATUS  (Hall). 

1868.  QraptolUku$  oetobraekiatut,  Hall,  Geol.  Sarv.  Canada  Bep.  1867,  p.  122. 

1863.  Dichograpmu  aranea^  Salt.  Quart.  Journ.  GeoL  Soc  vol.  xii,  p.  137, 
figs.  9  &  10. 

1863.  Dichograp$m  Sedawickii^  Salt.  ibid.  fig.  11. 

1866.  Oraptolitku$  oetobraehiatuSf  Hall,  *  Grapt.  of  the  Quebec  Gronp,'  Geol.  Sorv. 
Canada,  dec  2,  p.  96,  pi.  vii,  figs.  1-7  &  pi.  viii,  figs.  1-4. 

1868.  DiehograpntBoctobraekiatuMf  Nich.  Quart.  Journ.  GeoL  Soc  vol.  zxiv,  p.  129, 
pi.  V,  figs.  1 A  2. 

In  1885  Hermann,  in  his  paper  'Die  Graptolithenfamilie 
Bichograptidae,'  described  D,  Sedgwickii,  Salt.,  as  a  species  distinct 
from  2>.  octobroi  hiatus  (Hall)  since  it  has  curved  branches,  and  the 
thee®  are  inclined  at  a  rather  lower  augle.  The  curved  branching 
is,  I  think,  only  the  result  of  the  mode  of  preservation;  and 
certainly  some  specimens,  which  have  their  thecsB  inclined  at  a  high 
angle  and  therefore  belong  to  D.  octobrachiaiuB,  have  also  appa- 
rently curved  branches.  Most  of  the  specimens  in  the  Woodwardian 
Museum  and  other  collections  are  preserved  with  their  dorsal  side 
uppermost,  and  the  thecae  are  not  well  shown  except  in  a  tew 
cases,  and  so  all  details  of  inclination  are  obscure.  I  am  iuclined 
to  think  that  the  species  in  question  are  one  and  the  same,  and 
therefore  I  include  under  the  name  D,  octobrachiatus  (Hall)  both 
ISalter  8  species,  D,  aranea  and  2>.  Sedgwickii, 

There  are  many  specimens  of  D.  octobrachiaius  (Hall)  in  the 
Woodwardian  Museum,  nnd  the  species  seems  to  have  been  abundant 
in  the  Skiddaw  Slates. 

The  form  is  very  varied  as  regards  the  number  of  stipes. 
Perhaps  the  commonest  form  is  that  which  has  eight  stipes  of 
the  3rd  order,  and  from  this  the  species  derives  its  name.  Other 
individuals,  agreeing  in  all  respects  except  the  number  of  stipes, 
have  seven,  six,  or  five  stipes^ 
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Iq  the  normal  type  with  eight  stipes  of  the  3rd  order,  there  are 
four  short  stipes  of  the  2nd  order,  and  two  short  stipes  of  the  1st 
order;  both  stipes  of  the  Ist  order,  and  all  four  of  the  2nd  order, 
undergo  dichotomous  division. 

In  the  soptad  type  (seven  stipes)  one  of  the  stipes  of  the  2nd 
order  fails  to  divide  dichot'Omously,  and  persists  as  a  single  stipe : 
the  other  three  stipes  of  the  2nd  order  dividing  as  in  the  normal 
type. 

In  the  hexad  type  (six  stipes),  two  of  the  stipes  of  the  2nd  order 
show  no  dichotomous  division,  and  in  the  pentad  type  (five  stipes) 
only  one  stipe  out  of  the  four  divides  diohotomously.  Obviously 
a  further  reduction  gives  rise  to  a  form  resembling  a  TetragraptuM 
of  the  quadnbrachxatu9'iy^.  On  this  point  more  will  be  said 
later. 

The  stipes  of  the  1st  order  are  about  ^  inch  (1*05  mm.)  in 
length,  those  of  the  2nd  order  about  ^^  inch  (1*58  mm.),  while  those 
of  the  3rd  order  are  often  very  long,  some  attaining  a  length  of 
from  5  to  6  inches  (12*6  t'O  15  cm.);  others,  younger  perhaps, 
barely  exceed  an  inch  (25*39  mm.)  in  length.  The  stipes  are  slender 
at  their  origin,  but  widen  out  to  a  maximum  of  ^  inch  (3*17  mm.) 
in  the  larger  forms ;  naturally  the  smaller  ones  are  not  so  wide  as 
this. 

The  thecflB  on  the  stipes  of  the  3rd  order,  which  are  the  only  ones 
clearly  seen,  number  between  twenty  and  twenty-four  to  the  inch 
(eight  to  nine  in  10  mm.) ;  they  are  4  times  as  long  as  wide,  and 
are  inclined  at  an  angle  of  about  2(f  at  their  bases,  curving  so  that 
near  the  aperture  the  cell  makes  an  angle  of  50^  to  55°  with  the 
axis  of  the  stipe.  The  thecsB  are  in  contact  for  two-thirds  of  their 
length,  and  their  apertures  make  an  angle  of  105^  to  110°  with  the 
general  direction  of  the  stipe. 

A  disc  may  or  may  not  be  present,  and  when  present  varies 
greatly  in  si/.e  in  different  indiWduals. 

Occurrence. — The  species  occurs  in  the  Middle  Skiddaw  Slates, 
on  slabs  associated  with  Didymograpivs  nitidvs^  D,  patulus,  D.  gib- 
berulus,  D,  V-fractus,  Tetragraptus  sp.  ?,  and  Logmtograplus  (nonad 
type). 

Localities. — Randal  Crag,  Skiddaw;  Mire  House,  Skiddaw; 
Oarlside  Edjje ;  Slape  Crags,  above  Hope  Gill,  Brackenthwait^ ; 
Ottterside ;  Braithwaite ;  Grisedale  Pike. 

DioHooBAPTUs  SEPABATUS,  sp.  nov.     (Fig.  10,  p.  485.) 

There  are  two  slabs  of  this  species  in  the  Woodwardian  Museum. 
It  is  a  somewhat  rigid  and  very  slender  form,  and  is  charactorized 
by  the  unusual  length  of  the  stipes  of  the  1st  order,  which  are 
much  longer  than  in  any  form  of  Dichograpttts  hitherto  described. 
Each  stipe  must  be  fully  |  inch  (3*17  mm.)  long,  and  thus  what  older 
authors  would  have  regarded  as  the  '  fiinicle '  is  |  inch  (6.35  mm.) 
io  length.  The  two  stipes  of  the  2Dd  order  make  with  each 
other  an  angle  of  105° ;  these  are  rather  less  than  ^  inch  in  length ; 
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they  then  divide 
diohotomously, 
giving  rise  to  the 
eight  stipes  of  the 
3rd  order,  which 
make  with  each 
other  an  angle 
of  about  70°.» 
These  stipes  may 
be  as  much  as  3 
inches  in  length. 

The  whole  rhab- 
dosoma  is  very 
slender,  never  at- 
taining a  greater 
width  than  ^^^ 
inch  (*5  mm.). 

The  thee®  are 
not  very  clearly 
seen,  bat  they 
seem  to  be  closely 
set,  and  number 
thirty-two  to  the 
inch  (thirteen  in 
10  mm.). 

Locality. — 
Outerside. 


FAUNA  OF  THB  SKIDDAW  8LAXR8. 


485 


Kg.  10. — Dichograptus  separatus,  sp,  aov. 
(coll.  Woodwardian  Mus,). 


[Nat  size.] 


Genus  Tetragraptus^  Salt. 

(/)   TfiTRAORAPTirS  QUADRIBRACHIATUS  (Hall). 

1868.  QraptoUthuM  quadrihrachiatu$.  Hall,  Geol.  Sarv.  Canada  Rep.  1867,  p.  126. 

1863.  Tetragrap$u9  erucialis,  Salt.,  Quart.  Joom.  Geol.  Soc.  vol.  xix,  p.  137, 
fig.  86. 

1865.  CfraptoUihuM  quttdribrctehiatut^  Hall, '  Grapt.  of  the  Quebec  Group,'  Geol. 
Surv.  Canada,  dec.  2,  p.  91,  pi.  y,  figs.  1-6,  &  pi.  vi,  figs.  6,  6. 

1868.  Tetragrapsui  qvadribrachiatuSy  Nich.  Quart.  Joum.  G^l.  Soc  vol.  xziv, 
p.  131. 

1876.  TetroffraptuM  quadribrachiatut,  Hopk.  A  Lapw.  ibid.  voL  xxxi,  p.  640  A 
pi. xxziii,  figs.  9a  &b, 

Tetragraptus  qtiadrihrachiatus  (Hall)  seems  to  be  abundant  in 
the  Skiddaw  Slates.  There  are  specimens  of  all  ages  and  sizes,  but 
only  a  few  are  sufficiently  well  preserved  to  show  the  characters  of 
the  thecsB ;  the  rest  merely  show  the  typical  form  of  the  species. 

The  ultimate  stipes  are  generally  straight  and  rigid;  they  are 
slender  at  their  origin,  and  gradually  increase  up  to  a  maximum 
width  of  -j^  inch  (2*1  mm.)  in  the  largest  specimens,  but  often  only 
^  to  1^  inch  (1-2  to  1*5  mm.)  in  the  forms  that  are  of  common 
occurrence. 

^  The  abore-mentioned  angles  of  divereenoe  refer  only  to  one  aspect  of  the 
rhahdosoma ;  this  was  the  same  in  all  £e  specimens  Imown  to  me,  and  the 
an^  was  therefore  constant 
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There  are  twenty-four  theoae  in  the  space  of  an  inch  (nine  to  ten 
in  10  mm.) ;  they  are  free  for  one-third  to  half  their  length,  and 
make  with  the  general  direction  of  the  etipe  an  angle  of  30°  to  40^. 
The  apertures  are  straight  and  nearly  perpendicular,  heing  inclined 
at  an  angle  of  96^  to  100*=*. 

The  total  length  of  primary  and  secondary  stipes  before  dicho- 
tomous  division  is  about  1^  inch  (2*1  mm.).  This  measurement 
represents  the  length  of  the  so-called  '  funicle '  of  earlier  authors,  a 
term,  which  as  Holm  has  shown,  is  no  longer  applicable  to  the 
graptolites.  It  is  evidently  celluliferous  in  some  specimens,  and 
therefore,  no  doubt,  in  all. 

Whether  the  length  of  these  branches  of  the  1st  order  is  the 
same  on  either  side  of  the  sicula  I  am  not  able  to  say  with  certainty ; 
there  is  an  appearance  of  symmetry  in  some  aspects  of  the  rhabdo- 
soma,  but  this  may  be  deceptive.  It  is  unfortunate  that,  in  almost 
every  case,  this  part  of  the  rhabdosoma  is  preserved  so  that  the 
apertures  of  the  cells  are  embedded  in  the  rock,  and  only  the  dorsal 
walls  of  the  stipes  are  turned  towards  the  observer. 

Occurrence. — This  species  is  found  in  the  Middle  Skiddaw 
Slates  in  the  following  associations : — 

(1)  On  a  slab  from  Barf  with  Didj/mograptus  NichoUoni^  Lapw. 

(2)  On  a  slab  from  Outerside  with  Cryptograptwt  Hophimont^ 

Nich. 

(3)  On  a  slab  from  Bassenthwaite  Common  with  Didymo- 

graptus  gibbendtu,  Nich. 

(4)  With  Tetragraptus  crucifer  (Hall). 

L o  c  a  1  i  t i  e  s. — Barf ;  Outerside ;  Bassenthwaite  Common ;  Skid- 
daw  ;  Randal  Crag,  Skiddaw;  Carlside  Edge,  Skiddaw;  Aiken  Gill 
(ScawgiU) ;  Scale  Hill,  Crummock ;  north-east  of  Gnsedale  Pike. 

(<j)  Tetkaobaptits  Hbadi  (Hall).    (Pig.  11,  p.  487.) 

1858.  OraptolUhut  Headi,  Hall,  Qeol  Sorv.  Canada  Rep.  1867,  p.  127. 
1866.  Qraptolithus  Headi,  Hall,  '  Grapt.  of  the  Quebec  Qionp/  GeoL  Sonr. 
Canada,  dec.  2,  p.  94  A  pi.  vi,  fi^.  8. 
1868.  Tetroffrapsui  Headi^  Nich.  Quart.  Joorn.  Geol.  Soc.  toL  xzit,  p.  181. 

I  have  not  seen  many  specimens  of  Teiragraptta  Headi  from  the 
Skiddaw  Slates ;  three,  or  possibly  four,  which  should  be  referred 
to  that  species  are  in  the  Woodwardian  Museum,  but  unfortunately 
the  stipes  in  all  these  are  preserved  with  their  dorsal  side  upper- 
most, and  nothing  is  seen  of  the  theca).  The  best  specimen  found 
as  yet  is  undoubtedly  that  in  Mr.  Fostlethwaite's  collection ;  this 
not  only  shows  the  disc  well,  but  also  one  stipe  is  turned  on  its 
side  for  part  of  its  length  and  reveals  the  thecse. 

The  general  form  of  the  species  is  similar  to  that  of  T,  quadri" 
hrachiatus  (Hall),  but  the  dichotomoos  division  of  the  primary  stipes 
seems  to  take  place  almost  at  once  (in  other  words,  the  so-called 
*  funicle '  is  extremely  short),  and  the  stipes  are  wider  than  in  thalt 
species.  The  disc  is  quadrangular,  nearly  square,  and  with  more  or 
less  straight  sides ;  in  the  hurgest  specimen  examined  it  was  fully 
i  inch  (17  mm.)  square,  but  often  it  is  not  completely  preserved ; 
it  is  always  slightly  extended  along  the  stipes.    In  the  specimen  in 
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Mr.  Postlethwaite's  collection  there  is  a  very  prolonged  •  alation ' 
up  the  stipes,  hut  this  is  not  so  pronounced  in  other  specimens. 

The  stipes  are 
narrow     at     their  jpjg  11.— Tetragraptus  Headi  (coll. 

ongin,  hut  widen  to  FostUihwaiU). 

a  maximum  of  fully 
y»  inch  (2-1  mm.) 
when  the  thecss  are 
seen.  The  greatest 
length  observed  is 
4^  inches  (12-2cm.). 

The  thecsB  num- 
ber twenty-four  in 
the  space  of  an  inch 
(nine  to  t«n  in 
10  mm.);  they  are 
long  curved  tubes, 
and  are  inclined  at 
an  angle  of  about 
40°;  their  apertures 
are  situated  ob- 
liquely to  the  gene- 
ral direction  of  the 
stipe. 

There  is  another 
specimen  in  the 
Woodwardian  Mu- 
seum which  has 
been  referred  to 
T.  alatus  (Hall). 
It  is  a  small  speci- 
men, only  two  stipes 
are  seen,  and  these 
do  not  exceed  ^ 
inch     (12-7     mm.)  [Nat  siie.] 

in  length.    The  disc 

is  square  and  straight-sided,  and  measures  ^  inch  (8'5  mm.)  across 
each  diameter.  The  membrane  cert-ainly  does  appear  to  envelope 
the  stipes  more  or  less  completely,  but  I  think  that  this  must  also 
be  the  case  in  young  forms  of  Tttragraptus  Headi, 

The  specimen  is  preserved  so  as  to  show  the  apertures  of  the 
thecae  facing  the  observer,  and  these  number  twenty-four  to  the  inch 
(nine  to  ten  in  10  mm.).  Taking  into  consideration  the  form  of  the 
disc  and  the  number  of  thecsB  to  the  inch,  1  am  inclined  to  think 
that  this  specimen  is  a  young  fqrm  of  TetrcujraptuB  Headi. 

Occurrence. — The  specimen  in  Mr.  Postlethwaite's  collection 
occurs  on  a  slab  on  which  there  are  also  present  Didymograptus 
patulus  (Hall)  and  2>.  gibberulvs,  Nich. ;  it  belongs  probably  to  the 
upper  part  of  the  Middle  Skiddaw  Slates. 

Localities. — South-western  end  of  Bandal  Crag,  Skiddaw. 
Nicholson  also  records  a  specimen  from  Barf,  near  Keswick. 
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(6)  TBTRAeBAPTUS  CBVOIFBB  (HeU). 

1868.  QraptolUkut  erueifer.  Hall,  Oeol.  Sunr.  Canadm  Rep.  1867,  p.  126. 
1866.  OraptolUkui  cmcifer.  Hall,  *Gnpt.  of  the  Quebec  Group,'  Geol.  Surr. 
Canada,  dec.  2,  p.  02  &  pi.  v,  fig.  10. 
1868.  Tetragrapmu  cruei/er,  Nich.  Quart.  Journ.  Oeol.  80c.  toI.  xxhr,  p.  144. 

A  speoimen  in  Mr.  Poetlethwaite's  oolleotion  is  the  only  one 
known  to  me,  therefore  it  would  seem  to  be  rare  in  the  Skiddaw 
Slates.        This     one 

afcrees  very  well  with  Fig.  12.— Tetraffraptus  cnicifer  (eoU. 

Hall's  description.  PotUeihwaiU). 

The  general  form  is 
like  T,  quadribrachi- 
atu9  (Hall),  but  the 
stipes  widen  very 
much  more  rapidly 
and  are  much  stouter ; 
and  the  disc  is  smaller 
and  more  oblong  than 
it  is  in  Tetragraptus 
Headi  (Hall). 

The  stipes  widen 
rapidly  from  their 
origin,  and  at  the 
same  time  are  turned 
over  on  to  their  sides 
so  as  to  reveal  their 
thecee,  though  all  de- 
tails are  obscure. 

The  maximum 
width  observed  in  any 
stipe  is  fully  ^  inch 
(4*2  mm.);  the  great- 
est length  is  3  j  inches 
(82-4  mm.). 

The  disc  is  small, 
quadrangular,  and  ob- 
long, the  greatest  length  being  |  inch  (6*3  mm.),  the  greatest  width 
\  inch  (4-2  mm.),  and  there  is  a  very  slight '  alation '  up  the  stipes. 

All  details  of  the  thecae  are  obscure.  There  seem  to  be  twenty- 
two  apertures  in  the  space  of  an  inch  (eight  te  nine  in  10  mm.), 
and  these  are  situated  obliquely  with  regard  to  the  general  direction 
of  the  stipe. 

Occurrence. — On  this  slab  there  are  also  specimens  of  Azygo^ 
graptiis  sueckus^  Moberg.  The  species  also  occurs  with  Telr(igraptu9 
quadrihrachiatus  (Hall). 

Locality. — Barf,  near  Keswick. 

(a)  TETRAeBAPTUS  BlOSBTI  (^a]l). 

1863.  I)idymograp$u9  cadueeus,  Salt.  ( j>ar«).  Quart.  Journ.  Geol.  Soc.  vol.  ix,  p.  87, 
fig.  la. 

186a  ThyllograptMt  timilis,  Hall,  Geol.  Surv.  Canada  Rep.  1867,  p.  140. 

1863.  Didymo^raptut  caducem,  Salt.  ?  Quart.  Journ.  Geol.  Soc.  vol.  xix,  p.  137, 
fig.l3  6(?). 
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1806.  OrapioUekus  Bigthvi,  Hall,  'Grapt.  of  the  Quebec  Grtnip/  Oeol.  Sunr. 
Canada,  dec.  2,  p.  86  A  pi.  zvi,  figs.  22-30. 

The  specimens  upon  which  Salter  founded  his  species  Didt/mO' 
graptua  caducevig  seem  to  hare  belonged  to  two  distinct  forms, 
D.  gihheruluSy  Nich.,  and  the  Tetraufraptus  to  which  Hall  later  gave 
the  name  Bigshyi,  To  avoid  any  confusion  which  might  therefore 
arise,  it  appears  wisest  to  adopt  Hall's  specific  name  in  place  of  the 
older  term. 

This  species  is  abundant  in  the  Skiddaw  Slates ;  it  is  characteristic- 
ally  small  and  never  seems  to  exceed  f  inch  (19  mm.)  in  length, 
while  specimens  of  less  than  \  inch  (12*7  mm.)  are  more  commonly 
found.  The  general  form  of  the  rhabdosoma  may  be  described  as 
a  broad  oval,  truncated  at  its  upper  end  in  most  specimens,  but 
occasionally  nearly  complete,  since  there  is  a  tendency  on  the  part 
of  some  stipes  to  come  together  at  their  distal  extremities,  and  in 
some  cases  actual  fusion  appears  to  have  taken  place. 

The  stipes  are  about  -^  inch  (1*05  mm.)  wide  at  their  origin,  but 
widen  rapidly  to  a  maximum  width  of  ^  inch  (3*2  mm.),  diminishing 
again  at  their  distal  ends.  The  stipes  are  distinctly  broad  in  pro- 
portion to  their  length ;  their  dorsal  wall  is  nearly  always  concavely 
curved,  though  the  amount  of  curvature  varies  greatly  in  different 
individuals. 

The  sicula  is  apparently  about  ^  inch  (2*1  mm.)  in  length,  and 
the  proximal  part  of  the  rhabdosoma  bears  a  general  resemblance 
to  Didymograpttts  gibberuluSy  Nich.  Holm's  work  on  the  structure 
of  this  species  indicates  that  the  earliest  theca  arises  from  the  sicula 
near  its  apex,  and  the  two  stipes  of  the  1st  order,  constituting  the 
*funicle'  of  other  authors,  are  reduced  to  a  minimum,  for  dicho- 
tomous  division  appears  to  take  place  at  once.* 

The  thecae  number  between  thirty-two  and  thirty-six  tx)  the  inch 
(thirteen  to  fourteen  in  10  mm.).  They  are  at  first  nearly  at  right 
angles  to  the  general  direction  of  the  stipe ;  those  developed  later 
have  an  initial  angle  of  40°  to  60°,  but  curve  so  that  the  inclination 
near  the  aperture  makes  an  angle  of  60°  to  70°  with  the  axis.  The 
thecsB  are  widest  at  their  apertures,  and  are  about  4  times  as  long 
as  wide.  The  apertures  are  slightly  concave  and  mucronate,  and 
the  apertural  angle  is  about  140°. 

Occurrence. — In  the  lowest  part  of  the  Middle  Skiddaw  Slates, 
with  Bryograptus  ramosus  var.  cumhreimis. 

Localities. — Kandal  Crag,  Gibraltar;  White  House  Fell,  Skid- 
daw ;  Bassenthwaite  Sand-beds ;  Outcrside ;  Troutbeck. 

Note. — 1  have  not  been  able  to  convince  myself  that  the  form 
provisionally  named  inosculans  by  Marr  &  Nicholson  (Geol.  Mag. 
1895,  p.  538).  is  really  distinct  from  the  species  above  described. 
There  seems  to  be  every  intermediate  stage  between  a  form  in  which 
the  stipes  are  distincUy  separated  and  that  in  which  complete 
fusion  appears  to  have  taken  place,  and  the  characters  of  the  cells 
are  in  every  case  the  same.  In  my  opinion,  the  real  intermediate 
form  between  T.  Bigshyi  (Hall)  and  PTiyllograptus  is  to  be  found 

*  Holm,  ' Om  Dtdymooraptus,  Tetragrapius,  ooh  Pk^Uograptus*  Ged.  Foren. 
Stockholm  ForbandL  toI.  xrii  (1895)  p.  319. 


Digitized  by 


Google 


49(y  MI88  O.  L.  BLLBS  Oil  THB  6RAPT0LITE  [Aug.  1 898, 

in  the  Tetragraptus  phyllograptoides  of  Swedish  authors,  in  which 
the  stipes  are  united  for  some  little  distance  at  their  proximal  ends, 
hut  are  free  above. 

(g)  TETRAeRAPTTs  8BBBA  (Brougn.). 

1828.  Fucoidea  8&rra,  Brongnuirt, '  Hist.  V^t.  Fom.*  vol.  L  p.  71,  pi.  vi,  figs.  7  A  8. 

1858.  GraptolUkus  bryonoides,  Hall,  Geol.  Snrv.  Canada  Rep.  1867,  p.  126. 

1863.  Tetragrapaus  [biyonoides].  Salt.  Qturt.  Joorn.  Geol.  Soc  vol.  xix, p.  137,  fig.  8. 

1866.  QraptolUhM  hrwmoidet.  Hall,  *  Orapt  of  the  Quebec  Group,'  GeoL  Surv. 
Canada,  dec.  2,  p.  84  &  pi.  iv,  figs.  1-11. 

1868.  TetragraptuM  biyonoides,  Nich.  Quart.  Joum.  Geol.  Soc.  vol.  xxiv,  p.  131. 

1876.  TetragraptuM  $erra,  Hopk.  A  Lapw.  ibid,  vol.  xzxi,  p.  660  &  pL  xxxiii, 
fig,  10. 

There  seems  little  doubt  that  Brongniarfs  Fueoidss  serra  is  the 
same  species  that  Hall  described  Inter  as  Graptolithus  bryonoidet ; 
in  fact,  Hall  himself  acknowledges  this  (*  Grapt.  of  Quebec  Group/ 
p.  84),  and  therefore  the  older  specific  name  should  be  retained. 

The  rhabdosoma  presents  great  variation  in  form,  owing  to  the 
different  ways  in  which  it  has  been  preserved.  Sometimes  the  stipes 
are  spread  out  as  in  T,  quadrihrachiatus^  at  others  they  are  directed 
obliquely  upwards,  llie  two  stipes  of  the  1st  order  (so-called 
•  funicle ')  reach  together  a  length  of  about  -^^  inch  (2*1  mm.).  The 
stipes  resulting  from  the  dichotomous  division  of  these  attain  some- 
times an  enormous  length,  one  specimen  in  the  Woodwardian 
Museum  being  about  9  inches  (22-8  cm.)  long,  and  another  rather 
more  than  7  inches  (17*7  cm.) ;  the  commoner  forms,  however,  do 
not  exceed  2  inches  (51  mm.)  in  length.  These  stipes  are  narrow 
at  their  origin,  but  widen  rapidly,  and  are  found  to  have  attained 
their  maximum  width  after  the  3rd  or  4th  theca ;  they  become 
narrower  again  at  the  extreme  distal  end,  owing  to  the  shortness  of 
the  thecae  at  that  point.  The  dorsal  waUs  of  the  stipes  may  be  straight 
or  curved.  The  width  is  ver}*  different  in  different  individuals ;  in 
some,  the  width  at  the  origin  of  the  stipes  is  ^  inch  (1*05  mm.), 
and  the  maximum  width  attained  A  inch  (2*1  mm.),  but  in  the 
largest  individuals  the  maximum  width  is  fully  ^  inch  (4*2  mm.). 

The  thecse  vary  in  number  according  to  the  place  of  measure- 
ment, size,  and  age  of  an  individual ;  near  the  proximal  end 
they  may  be  twenty-six  or  even  twenty-eight  to  the  inch  (ten  to 
eleven  in  10  mm.),  but  in  the  adult  part  of  the  rhabdosoma  the 
number  rarely  exceeds  twenty  (eight  in  10  mm.).  The  thecse  are  long, 
somewhat  curved,  and  are  widest  at  their  apertures ;  their  length  is 
about  3  times  as  great  as  their  maximum  width ;  they  are  inclined 
40*^  to  50°  (average  45°),  and  are  free  for  about  a  quarter  of  their 
length.  Their  apertures  are  oonoave  and  circular,  and  are  inclined 
to  the  general  direction  of  the  stipe  at  an  angle  of  110°  to  120®. 

The  sicula  is  fairly  large  and  conspicuous  in  some  specimens ;  it 
measures  -A-  inch  (2*1  mm.). 

The  species  may  be  distinguished  from  Tetragraptus  quadribra-- 
cfiiaius  (Hall)  by  (1)  the  very  rapid  widening  of  the  stipes  and  (2) 
t^e  greater  width  attained;  and  from  T.  Bigthyi  by  (I)  fewer  cells 
in  a  given  unit  of  length ;  (2)  general  form  and  greater  size  when 
mature. 
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Occurrence. — Middle  Skiddaw  Slates. 

Localities. — ^The  species  seems  very  abundant  in  the  Skiddaw 
Slates ;  it  is  recorded  from  Randal  Crag,  Skiddaw  ;  B&isenthwaite 
Sand-beds ;  Outerside  ;  White  House  Fell,  Skiddaw ;  east  of  Dodd 
"Wood,  Keswick ;  Barf,  Frozen  Gill ;  Gibraltar,  Skiddaw. 

(d)  Tetraobaptus  PBNnsirs,  sp.  noy, 

'  Ehabdosoma  small  and  very  slender,  consisting  of  two  pairs  of 
descending  stipes,  which  after  the  first  divergence  are  directed 
vertically  downwards,  and  run  nearly  parallel  to  each  other.  The 
sicula  is  conspicuous  and  fairly  long,  being  ^  inch  in  length 
(1-58  mm.).  The  stipes  are  narrow  and  of  uniform  width  through- 
out their  length,  never  exceeding  ^  inch  (*o  mm.);  the  inner 
margin  is  celluliferoos.  The  cells  are  long  narrow  tubes  of  uniform 
width,  and  number  between  twenty  and  twenty-four  in  the  space 
of  an  inch  (eight  to  nine  in  10  mm.) ;  they  are  inclined  15°  to  2(P 
to  the  general  direction  of  the  stipe ;  their  outer  wall  is  straight,  or 
may  have  a  slight  concave  curvature  near  the  proximal  end.  The 
cells  are  in  contact  with  each  other  for  rather  less  than  half  their 
length,  which  is  commonly  ^^ inch 

(21  mm.).     Apertures  straight,     pig^  13.— Tetragraptus  pendens, 
occupying  more  than  half  the        ^.  ^^^  ^^oU.  PosOethwaite). 
total  width  of  the  rhabdosoma. 
Apertural  angle  about  120^.' 

This  delicate  little  species  is 
related  to  Tetragraptus  fruticosttt 
(Hall)  by  its  general  form,  but 
may  be  readily  distinguished  from 
that  species : — 

(1)  It  is  mo ch  more  slender, 
and  never  seems  to  exceed  ^  inch  [Nat.  siie.] 
in  length. 

(2)  Its  stipes  are  parallel  and  of  uniform  width,  while  those  of 
T,  frutxcotus  are  divergent  and  increase  gradually  in  width 
throughout  their  length. 

(3)  There  are  more  cells  in  a  given  unit  of  length,  twenty  to 
twenty-four  compared  with  fifteen. 

(4)  The  cells  are  inclined  at  a  very  much  lower  angle,  16** 
instead  of  38°. 

From  all  other  known  species  of  Tetragraptus  the  present  species 
is  distinguished  by  it«  form. 

Structure. — The  development  of  the  rhabdosoma  appears  to 
commence  precisely  in  the  way  that  Holm  has  described  as  charac- 
teristic of  the  genus  Didymograptusy^  but  after  the  develop- 
ment of  one  cell  each  stipe  undergoes  dichotomous  division,  resulting 
in  the  production  of  two  pairs  of  stipes,  which  appear  to  be  similar 
in  every  respect. 

Occurrence. — ^Middle  Skiddaw  Slates. 

One  specimen  of  this  species  occurs  on  a  slab  with  Azygojraptttg 
sueeieus^  Moberg,  another  on  a  slab  with  Dtdymograptus  V-fractuM^ 

^  Op.  jam  cit,  GeoL  Foren.  Stockholm  PorhandL  vol  xyii  (1895)  p.  319. 
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8alt.,  and  a  third  on  a  slab  which  also  bears  2>.  gibberulus,  Nioh., 
and  PhyUograptva  typut,  Hall,  These  fossils  are  all  characteristic 
of  the  highest  beds  of  the  Swedish  Phyllograptug-s^ffnT^  from  which 
horizon  I  have  also  seen  a  form  of  TetragrapiuM  similar  to  that 
just  described. 

Locality. — Barf,  near  Keswick. 

(«)  TEiBAeBAPTUs  P08TLBTHWAITI1,  sp.  nov. 

This  species  belongs  to  what  may  be  called  the  */ni<t«wii#-type ' 
of  Tetragrapti.  ^  Rhabdoeoma  pendent ;  all  the  stipes  directed 
vertically  or  obliquely  downwardp^  narrowest  at  their  origin,  but 
widening  somewhat  rapidly  to  a  maximum  width  of  y^  inch  (1*58 
mm.).  TheciB :  long  narrow  tubes  of  uniform  width,  numbering 
between  twenty-eight  and  thirty  to  an  inch  (eleven  to  twelve  in 
10  mm.) ;  inclined  at  about  30^  with  very  slight  concave  curvature, 
and  in  contact  for  the  greater  part  of  their  length.  Apertures 
nearly  straight,  making  an  angle  of  about  130°  with  the  general 
direction  of  the  stipe.' 

The  species  is  large,  and  the  stipes  often  attain  considerable 
length ;  in  one  specimen  a  length  of  3^  inches  (88*7  mm.)  has  been 
measured,  but  the  width  remains  constant  at  ^  inch  (1*58  mm.) 
throughout  the  whole  length. 

The  dorsal  walls  of 
the    stipes    are    com-      Fig.   14. — Tetragraptus    Postlethwaitii, 
monly     curved.       All  gp,    nov,    (colls.    PostUthwaiU  and 

details  of  the  proximal  Woodwardian  Mtu.), 

end  are  obscure. 

The  species  differs 
from  Tetragraptus  fru' 
ticosus  (Hall):  (1)  in 
tbe  absence  of  gradual 
widening ;  (2)  in  the 
lower  angle  of  inclina- 
tion of  the  tliec*8B  and 
the  greater  number  in 
a  given  unit  of  length. 

It  differs  from  T. 
pendens^  sp.  nov. :  (1) 
in  its  much  larger  size  ; 
{2)  in  the  higher  angle 
of  inclination  of  the 
thecaB  and  the  greater 
number  in  a  given  unit 
of  length. 

Some  aspects  of  T. 
quadribrachiatus  pre- 
sent a  similar  appear- 
ance, and  from  this 
form  it  may  be  distin- 
guished by  the  charac- 
ters of  the  thecse. 


[A,  B,  0= typical  forms  from  Carlside  Edge; 
D=a  specimen  doubtfully  referable  to  this 
species,  from  Barf.  All  are  shown  of  tbe 
natural  size.] 
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LocalitieB.  —  All  the  specimeDs  known  to  me  oome  from 
Carlside  Edge  or  Barf,  and  all  except  one  are  in  Mr.  Postlethwaite's 
collection,  the  one  other  specimen  belonging  to  Prof.  Nicholson. 

I  name  this  species  after  my  friend  Mr.  Postlethwaite,  who  first 
pointed  the  form  out  to  me,  and  to  whom  all  geologists  owe  a  debt 
of  gratitude  for  his  arduous  labours  among  the  Skiddaw  Slates. 


Genus  PhylloffrapttiSy  Hall. 

(e)  PHTIXOeBJLPTUS  ILICIFOLIUS,  Hall. 

1865.  Fhyllograptut  ilieifoliiu,  HbU,  'Orapt.  of  the  Qnebec  Group/  GeoL  Snrv. 
Oanada,  dec.  2,  p.  121  A  pL  xri,  tigs.  1-10. 

The  rhabdosoma  consists  of  four  stipes,  united  so  as  to  form  two 
broad  intersecting  ovals,  each  of  which  is  widest  at  its  upper  end. 
The  rhabdosoma  is  about  ^  inch  (12*7  mm.)  long,  and  has  a 
maximum  width  of  j  to  ^  inch  (6*4  to  7*5  mm.).  The  curvature  of 
the  thecsB  in  different  parts  of  the  rhabdosoma  is  very  characteristic  : 
near  the  proximal  end  they  first  ascend,  and  then  curve  out  and 
down ;  in  the  centre  of  the  rhabdosoma  they  are  so  little  curved 
that  they  appear  almost  horizontal ;  while  at  the  distal  extremity 
they  are  directed  outwards  and  upwards,  and  ultimately  almost 
straight  upwards.  The  thecae  number  thirty-two  to  the  inch 
(thirteen  in  10  mm.) ;  they  are  in  contact  throughout  their  length ; 
their  apertures  are  concave,  oblique,  and  distinctly  mucronate. 

Occurrenc  e. — "With  Phyllograptus  typus  in  the  Middle  Skiddaw 
Slates  (upper  part). 

Locality. — Bandal  Crag. 

(d)  Phyllogbaptvs  luciFOLnrs,  Hall,  var.  gbakdis  nov. 

The  general  form  of  the  rhabdosoma  is  the  same  as  in  the  foregoing, 
and  consists  of  four  stipes  united  so  as  to  foim  two  broad  inter- 
secting ovals.  The  rhabdosoma  is  fully  1  inch  (25*4  mm.)  long, 
and  has   a   maximum  width   of  -^-^  inch 

(14*7  mm.).  The  curvature  of  the  thecsB  Fig.  15. — Phyllograp- 
and  the  number  to  the  inch  agree  with  tus  ilicifolius,  var. 
P.  ilicifolius.  Growth-lines  parallel  to  the  grandis  nov,  (coll. 
thecal  aperture  are  seen  on  several  of  the  Woodwardian  Mus.), 
thecffi. 

The  specimen  upon  which  the  above 
description  is  based  is  in  the  Woodwardian 
Museum  ;  it  is  very  much  larger  than  any 
specimen  figured  by  Hall  as  belonging  to 
the  species  ilicifolius ;  in  fact,  it  resembles 
most  closely  those  figures  which  are  en- 
larged 3  diameters.  I  have  therefore 
designated  it  as  a  variety  of  Hall's  species, 
und  given  it  the  name  grandis  to  denote  [Nat.  size.] 

its  unusual  size. 

Locality. — North-east  of  Sleet  How,  Keswick. 
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(a)  Phyxlograptcts  Anna,  Hall. 

1865.  Phylloffraptus  Anna,  Hall,  'Ghitpt.  of  the  Quebec  Group/  OeoL  Sanr. 
Canada,  dec.  2,  p.  124  A  pi.  xvi,  figs.  11-16. 

There  are  several  specimens  referable  to  this  species,  both  in 
Mr.  Postlethwaite's  collection  and  in  the  Woodwardian  Museam. 

It  is  characterized  by  its  small  size,  and  the  great  number  of 
thec8D  in  a  given  unit  of  length.  These  number  between  thirty- 
six  and  forty  to  the  inch  (fourteen  to  sixteen  in  10  mm.).  None 
of  the  specimens  are  as  much  as  |  inch  (12*7  mm.)  in  length ; 
they  appear  to  be  commonly  A-  inch  (10*5*  mm.)  long,  and  have  a- 
maximum  width  of  ^  inch  (5*078  mm.),  which  is  attained  near  the 
distal  extremity  of  the  rhabdosoma. 

All  the  thecaB  are  curved,  though  the  curvature  is  less  in  the 
middle  than  at  the  proximal  and  distal 

extremities   of    the   rhabdosoma.      The  Fig.  16. — Phyllograptus . 
thecsB  are  in   contact  throughout  their       Anna    (coll.     Wood- 
leu  f^h.  wardian  Mus.). 

One  specimen  in  the  Woodwardian 
Museum  seems  to  show  in  some  detail 
the  structure  of  the  proximal  end.  This 
is  on  the  same  general  plan  as  that  indi- 
cated by  Holm  for  the  species  angusti- 
folius.  In  this  specimen  one  stipe  has 
been  completely  removed,  and  the  sicula 
and  first  theca  are  revealed.  The  sicula 
is  very  long;  it  measures  -r^  inch  (2*1 
mm.).     The  first  theca,  which  appears  to  p«»x.«> 

arise  close  to  its  apex,  resembles  the  sicula      r^^i^  gjse,  and  a  portion 
in  form.  magnified  10  diam.] 

A  virgula   is   seen   coming  from  the 
apex  of  the  sicula;  it  does  not  project  beyond  the  distal  extremity 
of  the  rhabdosoma.     So  far  as  I  am  aware,  no  virgula  has  hitherto 
been  seen  in  the  genus  Phyllograptus. 

Occurrence. — With  Phyllograptus  angustifolius,  Kail,  in  the 
Middle  Skiddaw  Slates. 

Localities. — Eandal  Crag,  Skiddaw  ;  Barf;  Carlside  Edge. 

(«)  Phtllograptus  ttpus,  Hall. 

1868.  Phyllograptus  typus,  Hall,  Geol.  Surv.  Canada  Rep.  1867,  p.  137. 

1865.  Phyllograptus  typus.  Hall,  *Grapt.  of  the  Quebec  Groap,'  GeoL  Siut. 
Canada,  dec.  2,  p.  119  k  pi.  xr,  figs.  1-12. 

1868.  Phyllograpsus  typus,  Nich.  Quart  Jonm.  GeoL  Soc  vol  zzivy  p.  183  A 
pL  V,  fig.  16. 

Hall  has  well  described  this  form  as  '  elongate-ovat«,  or  lanceo- 
late, broad  oval  or  obovate.'  The  form  is  exceedingly  variable,  as 
the  following  table  of  dimensions  shows.  The  variation  is  largely 
dependent  on  the  amount  of  curvature  of  the  theosB,  which  is  very 
different  in  different  individuals  : — 
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Specimen  «nd 
Locality. 


A.  Randal  Orag 

B.I.  Barf 

B.2 

B.a     „    

0. 
D. 
B. 
F. 
d4\      ?     


One] 

tslab] 


69.  Outereide   

76.  Baasenthwaite  Sand-  \ 
beds / 


Length. 


Width 
(Max.).* 


m. 
1^ 


1 

1 
1 
1 


mm. 
31-7 
57 
50-6 
38 
31-7 
14-7 
26-4 
8-7 
341 
25-4 
25-4 


in.    mm. 
*        8-7 


i 


U     38         +4 
ij     31-7    ,     I 


6-3 
6-3 

7 

6-3 

4-76 

8 

4-76 

6-3 

63 

8-7 

8-7 

10-6 


No.  of 
thecae 
to  inch. 


24 
24 
24 
26 
26 
26 
24 
24 
26 
24 
24 
24 

24 


No.  in 
10  mm. 


9-10 
9-10 
9-10 

10 

10 

10 

9-10 
9-10 

10 

9-10 
9-10 
9-10 

9-10 


The  species  appears  to  be  characterized  by  ( 1)  the  number  of  thecse 
in  a  given  unit  of  length  ;  (2)  the  form  of  the  aperture,  which  is 
equally  extended  at  its  upper  and  lower  limits. 

The  thecse  are  curved  throughout  the  whole  length  of  the  rhab- 
doBoma ;  they  go  out  nearly  horizontally  in  the  proximal  part,  but 
curve  back  so  that  the  aperture  points  downwards.  The  degree 
of  curvature  seems  to  vary  somewhat,  according  to  the  aspect  in 
which  the  rhabdosoma  is  viewed.  The  curvature  is  less  in  the 
middle  of  the  stipe,  and  the  line  of  the  aperture  becomes  parallel 
to  the  general  direction  of  the  rhabdosoma ;  above  tlus,  the 
aperture  becomes  inclined,  and  the  thecsB  are  inclined  at  a  higher 
angle,  which  increases  steadily  towards  the  distal  end,  so  that 
eventually  in  some  forms  the  apertures  of  the  cells  lie  almost 
perpendicular  to  the  general  direction  of  the  rhabdosoma,  a  com- 
plete change  in  position  having  thus  been  effected.  The  thecsB 
number  between  twenty-four  and  twenty-six  to  the  inch  (nine  to 
ten  in  10  mm.) ;  they  never  exceed  twenty-six,  and  are  far  more 
commonly  twenty-four.  They  are  in  contact  throughout  their 
length,  and  have  slightly  mucronate  apertures. 

'Hie  proximal  end  is  not  often  well  preserved,  but  two  specimens 
show  some  details.  In  one  the  sicula  and  first  theca  can  be  made 
out;  the  sicula  has  a  length  of  about  -fi|^  inch  (1*58  mm.);  the 
first  theca  seems  to  be  developed  from  near  its  apex,  and  closely 
resembles  it  in  general  form.  Another  specimen  shows  a  view 
resembling  that  figured  by  Holm  (op.  cit.  pi.  xiii,  fig.  2). 

The  larger  forms  of  this  species  bear  a  superficial  resemblance  to 
Phyllograjptus  anguatifolius^  but  are  always  broader,  and  the  form 
of  the  aperture  is  distinctive. 

Occurrenc  e. — With  Didymograptus  gihberulusy  Nich.,  D,  nitidus 
(HaU),  Azygograptus  mecicus^  Moberg,  PhyUograpUu  angvLatifoliug, 
Hall,  Dichograptus  octobrachiatus  (Hall).     It  appears  to  be  very 

*  In  some  specimens  the  maximum  width  is  quite  near  the  proximal  end, 
in  others  it  is  nearer  the  middle  of  the  rhabdosoma. 
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abundant,  in  the  Middle  Skiddaw  Slates  (upper  part)  at  several 
localities. 

Localities. — Barf ;  Whiteside  ;  Carlside  ;  east  of  Dodd  Wood  ; 
Randal  Crag ;  Glenderamakin  Valley ;  Mungrisedale. 

(b)  Phtllogbaptus  AjfousnFOLnrSy  Hall. 

1858.  FhyllograpUu  anguMtifoUuSt  Hall,  Geol.  Surv.  Canada  Rep.  1857,  p.  139. 
1865.  Fhyllograptua  aiMusttfoliut,  Hall,  *  Grapt.  of  the  Quebec  Group,*  GeoLSurv. 
Canada,  dec.  2,  p.  125  &  pt.  xvi,  figs.  17-21. 

1868.  Phglloffrapw*  angustifolius,  Nich.  Quart.  Journ.  Geol.  Soc.  vol.  xxiv,  p.  132. 

This  species,  like  that  just  described,  has  a  varied  form,  but  it 
is  never  broadly  ovate. 

The  curvature  of  the  tliecse  is  very  similar  to  that  of  Ph.  typus,  in 
so  far  as  at  the  proximal  end  the  thecsd  come  out  nearly  horizontally 
and  then  curve  slightly  back  and  down ;  but  the  subsequent  curva- 
ture is  far  more  uniform  than  is  the  case  with  Ph.  typus,  where 
there  is  an  appreciable  diminution  in  the  centre  of  the  rhabdosoma. 
The  inclination  of  the  thecse  increases  steadily  towards  the  distal 
end.  The  thecsB  are  more  numerous  than  in  Ph.  typus :  there  are 
generally  thirty  in  the  space  of  an  inch,  though  the  number  may  be 
as  low  as  twenty-eight  or  as  high  as  thirty-two  (eleven  to  thirteen 
in  10  mm.). 

The  form  of  the  aperture  with  its  long  denticle  is  characteristic, 
there  being  a  greater  extension  on  the  lower  than  on  the  upper 
side.  The  denticle  may  be  as  much  as  \\  times  the  width  of  the 
thecsB. 

'  The  dimensions  of  the  species  vary  greatly  in  different  indi- 
viduals ;  the  length  may  be  anything  up  to  2  inches  (50'7  mm.),  and 
the  width  may  be  as  great  as  ^  inch  (8*7  mm.),  but  is  more 
commonly  i  or  -^  inch  (4*2  or  4*76  mm.). 

In  broader  forms  the  species  approaches  PhyUograpUu  typus, 
but  can  be  distinguished  by  (1)  the  form  of  the  oeU-aperture ; 
(2)  the  greater  number  of  cells  in  a  given  unit  of  length. 

The  gpreatest  width  is  often  attained  near  the  base  of  a  long 
specimen,  and,  in  fact,  the  rhabdosoma  is  often  wider  at  this  point 
than  at  any  subsequent  point  along  its  length. 

Occurrence. — The  species  appears  to  be  very  abundant  in  the 
Middle  Skiddaw  Slates  ;  it  occurs  on  the  same  slabs  as  PhyUograptm 
typus^  Hall,  Ph.  Anna,  HaU,  Tetragraptus  Bigshyi  (Hall),  Didymo- 
yraptus  nitidus  (Hall),  and  Dichograptus  octobra^iatus  (Hall). 

Localities. — Barf;  Carlside;  Whiteside;  Randal  Crag;  Bassen- 
thwaite  Sand-beds ;  Knott  Head,  Whinlatter. 

Genus  Didymoffraptus,  M'Coy. 

(e)  DiDTMOQRAJTUs  GiBBERULUs,  Nich.   (Pigs.  17  &  18,  pp.  498, 499.) 

1853.  ?  Didjfmograptut  eaduceu$.  Salt.  {par$)  Quart.  Journ.  GeoL  Soc  toL  ix, 
p.  87,  fig.  la. 

1863.  ?  Didymoffrapstu  eadueeus,  Salt.  ibid.  vol.  xix,  p.  188,  fig.  (p.  187)  13a,  5  ? 

1876.  Didsftnograptut  gibherulu$,  Nich.  Ann.  Mag.  liat.  Hist.  ser.  4,  voL  zri, 
p.  271  A  pi.  vii.  figs.  3,  3 a  &  35. 
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1891.  *IHdymoffraptu8*  ffibberultUy  Uoherg,  Qeol.  Poren.  Stockholm  Porhandl. 
vol.  xiii,  p.  221. 

1892.  Isograptut  gihherulm,  Moben^,  ibid.  vol.  xiv,  p.  346  &  pi.  viii,  figs.  3-7. 
1896.  Didymoffraptus  gibberuUtt,  Holm,  ibid,  vol.  xvii,  p.  884. 

'Rhabdosoma  bilateral,  consisting  of  two  fairly  broad  stipes 
which  bend  upwards  from  the  sicola  in  gentle  curves  at  an  angle 
of  335°  to  340°.  Stipes  widest  at  their  origin,  attaining  commonly 
i^g^inch  (2*1  mm.) ;  there  is  a  marked  distinction  towards  the  distsd 
extremity,  the  stipe  there  seldom  exceeding  -^  inch  (1*26  mm.) 
in  width. 

•  The  thecae  number  forty  to  the  inch  (sixteen  in  10  mm.) ;  the 
apertures  of  the  earliest  cellules  are  directed  obliquely  downwards, 
but  the  thec8B  then  curve  in  such  a  manner  that  they  come  to  face 
horizontally  outwards,  and  ultimately  even  upwards  ;  they  are  then 
inclined  to  the  general  direction  of  the  stipe  at  an  angle  of  about 
45°,  and  have  an  apertural  angle  of  130°.  The  thecae  are  in  con- 
tact for  almost  the  whole  of  their  length ;  in  the  proximal  part  of 
the  rhabdosoma  they  are  4  times  as  long  as  wide,  but  in  the  distal 
part  of  the  stipes  they  are  very  much  shorter.' 

This  species  is  abundant  in  the  Skiddaw  Slates.  There  are 
very  good  specimens  in  the  Woodwardian  Museum,  the  Keswick 
Museum,  and  in  Mr.  Postlethwaite's  collection.  Three  of  the  speci- 
mens in  the  Woodwardian  Museum  are  Nicholson's  types.  Another 
is  better  preserved  than  any  of  these ;  it  is  in  relief,  and  exhibits 
important  structural  details,  to  some  of  which  reference  has  been 
recently  made  by  Dr.  Holm  in  his  work  on  the  Swedish  specimens. 

The  species  varies  greatly  in  size  and  form,  especially  as  regards 
the  direction  of  the  stipes.  These  varieties  may  be  distinguished  as 
follows : — 

(1)  Dorsal  walls  of  stipes  continuously  curved,  so  that  the  distal  extremities 

point  towards  each  other ; 

(2)  Dorsal  walls  of  stipes  straight ;  stipes  almost  parallel  to  each  other ; 

(3)  Dorsal  walls  straight ;  distal  extremities  of  stipes  directed  away  from 

each  other. 

In  all  these  forms,  however,  details  of  structure  are  essentially 
the  same,  and  there  appears  to  be  every  gradation  between  the 
extreme  types. 

The  species  bears  a  superficial  resemblance  to  some  aspects  of 
Tetragraptus  Bigshyi  (Hall),  in  which  only  two  stipes  are  seen.  It 
should  be  readily  distinguished  from  that  species  by  the  fact  that  in 
T.  Bigsbyi  the  rhabdosoma  is  narrowest  in  its  proximal  part, 
whereas  in  Didymograptus  gihbenUus  it  is  widest  at  this  point. 

Notes  on  Structure  of  Type-specimens  and  others. 
(A)  Obverse  Side.' 
1. — Impression  of  obverse  (sicula-side)  aspect  of  a  specimen  of 

*  For  an  explanation  of  the  terms  obverse  aspect  and  reverse  aspect, 
see  my  paper  *0n  the  Subgenera  Petalograptu8  &  Cephalograptus*  Quart. 
Joum.  Gfeol.  Soa  vol.  liii  (1897)  p.  189. 
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var.  B(=Nicholson'B  fig.  3  a). — This  specimen  is  about  §  inch  (8*7 
mm.)  long;  the  stipes  certaiiUy  diverge  more  than  Nicholson's  figure 
indicates.  I  think  that  what  he  regarded  as  the  *  two  central  celluleB  * 
must  be  the  sicula  and  the  earliest-formed  theca,  which  so  closely 
resembles  the  sicula  in  form. 

The  sicula  is  long  and  narrow  for  the  greater  part  of  its  length, 
but  widens  somewhat  abruptly  near  its  aperture,  where  it  attains  a 
width  of  ^  inch  ('5  mm.).  In  length  it  commonly  measures  ^  inch 
(3-2  mm.). 

The  earliest  theca  is  seen  on  the  right  in  this  specimen;  it 
originates  from  the  sicula  at  a  point  very  near  the  apex,  and 

Fig.  17. —  Farta^ion  tn/onn«o^Didymograptus  gibberulus,  liich. 
Obverse  aspect^  not,  size. 


A  =  specimen  from  Bassenthwaite  Sand-beds. 
B  &  0  =  specimens  from  Randal  Crag,  Skiddaw. 

[A  &  0  are  in  the  Keswick  Nat.  Hisi  Museum,  and  B  in  the  Woodwardian 

Museum.] 

then  grows  downward.  In  general  form  it  resembles  the  sicula 
very  dosely  indeed  ;  thus  this  species  illustrates  well  the  view  held 
by  some  authors  that  the  so-called  'sicula'  is  nothing  but  the 
earliest  theca  developed  from  a  *•  zooid  germ.' 

The  first  theoa  (adopting  the  usual  nomenclature)  is  in  contact 
with  the  sicula  for  almost  its  whole  length,  but  they  curve  away 
from  each  other  near  their  apertures,  leaving  a  space  between  them. 
Lines  of  growth  may  be  detected  along  their  length,  and  especiaUy 
near  their  apertifres.  The  connecting-canal  must  be  situated  very 
high  up  and  near  the  sicula-apez ;  for  the  theca  which  is  developed 
second  *  (th.  1^),  that  is,  the  first  on  the  left  of  the  sicula,  seems  to 
be  nearly  as  long  as  the  first  on  the  right  (th.  V) :  cf,  structure 
of  reverse  aspect. 

The  lengtli  of  the  earliest  thecse  is  about  -^  inch  (2*1  mm.) ; 
those  developed  later  graduaUy  diminish  in  length  towards  the 
distal  extremities  of  the  stipes,  which  thus  come  to  have  the  appear- 
ance of  being  gently  rounded  off. 

2. — The  specimen  figured  by  Nicholson  as  3  6  differs  only  from  the 
above  in  that  a  filamentous  thread  is  seen  to  proceed  from  the  apex 
of  the  sicula ;  this,  according  to  Wiman's  recent  work,t  must  be 
regarded  as  the  true  virgula. 

*  The  nomenclature  for  the  theose  is  the  same  as  that  adopted  in  my  paper 
on  Peialograptus  k  Cephalograptu*  already  quoted. 

t  Wiman,  '  Ueber  DiplugraptidsD,  Lapw.,'  Bull.  Qeol.  Inst.  Upsala,  vol.  i. 
no.  2  (1893)  p.  97.  .  ^^  , 
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(B)  Reverse  Side. — ^This  specimen  is  preserved  in  relief , and  is 
I  inch  (6*3  mm.)  long. 

In  this  view  of  the  rhahdosoma  the  greater  part  of  the  sicula  and 
the  first  theca  are  hidden  by  the  growth  of  th.  1^  and  th.  2\  so  that 
there  are  only  visible  the  apex  of  the  sicola  with  the  filamentous 
virgula  and  the  initial  part  of  theca  1^  and,  at  the  base,  the  apertures 
of  the  sicula  and  theca  1^ 

The  connecting-canal  between  theca  V  and  theca  1*  is  clearly 
seen,  just  below  the  apex  of  the  sicula  and  rather  above  the  level  of 
the  initial  parts  of  the  thecae  which  have  developed  later.  There 
appears  also  to  be  a  connecting-canal  (or  something  of  an  homo- 
logous nature)  between 

theca    2*  and  theca  1'.      Fig.  18.— Bidymograptus  gibberulus. 
This     would     seem     to  Nich. ;    reverse  aspect;  coU,  Wood- 

indicate  that    theca   2*  wardian  Museum. 

develops  from  theca  1*, 
instead  of  developing 
normally  from  theca  1*. 

Unfortunately,  I  am 
unable  to  say  for  certain 
whether  such  is  always 
the  case  in  this  species  or 
not,  for  this  is  the  only 
specimen  that  I  have  seen 
of  this  aspect  of  the  rhah- 
dosoma, sufficiently  well 
preserved  to  show  these 
details.  It  may  be  acci- 
dental. Development 
appears,  at  any  rate,  to  a^  =apex  of  gicula. 
have  proceeded  normally  a^= aperture  of  sicula. 
after  the  growth  of  the  6*=initial^    part     of 

earliest  thecce,  each  theca  ,^  thecal  • 

«        ,         •      J       1     .        ft^= aperture  of  theca  1\ 
of  each  series  developing  ^  =  virgula. 

from  the  theca  next  to  it  rf  =  theca  1^. 

on  the  side  nearest  the 

sicula.     Growth-lines  may  be  detected  in  places. 

In  other  particulars  the  structure  of  the  rhahdosoma  seems  to  be 
identical  in  both  aspects. 

Occurrence. — On  slabs  with  Didymograptug  patulua  (Hall), 
Azygograptus  suecicus,  Moberg,  and  Tetragrapius  quadrihrachiatus 
(Hall),  in  Middle  Skiddaw  Slates. 

Localities. — Randal  Crag  and  White  House  Fell,  Skiddaw; 
Bassenthwaite  Common. 

{Jc)  DiDTMOGRAPTUs  mTiDus  (Hall).    (Figs.  19  &  20,  pp.  600,  501.) 

1858.  QraptoUthua  nUidns,  Hall,  Geol.  Surv.  Canada  Rep.  1857,  p.  129. 

1865.  QraptoUthua  nitidus.  Hall,  *Grapt.  of  the  Quebec  Group/  Geol.  Surv. 
Canada,  dec.  2,  p.  69  &  pi.  i,  figH.  1-9. 

1868.  Didjfmograp9U9  niiidua,  Nich.  Qoart.  Jonm.  Geol.  Soc.  vol.  xxiv,  p.  136. 

1874.  Didymoaraj^tus  nitidu9,  Etheridge  Jnn.,  Ann.  Mag.  Nat.  Hist.  ser.  4, 
vol.  xiv,  p.  6  &  pL  ill,  fig.  20. 

A  species  which  resembles  Hall's  Z>.  nitidus  more  closely  than  an; 


[X5.1 
[X5.] 
[From  White  HouBe  Fell,  Skiddaw.] 

«*= connecting  -  canal 
between  thecsB  1^  &> 

«*= connecting-canal  (?) 
between  tnecic  V  & 

/=theca  2». 


'^le 


500 


MISS  e»  L.  ELLE8  OK  IHB  eiLiPTOLITE  [Aog.  1 898, 


other  known  graptolite  is  exceedingly  abundant  in  parts  of  the 
Skiddaw  Slates.  In  1868  Nicholson  observed  the  form,  and  noticed 
that  it  was  not  in  all  particulars  identical  with  Hall's  species.  He 
stated  that  the  English  specimens  were  more  closely  related  to  the 
type  that  Hall  had  described  and  figured  as  a  young  form,  and  was 
inclined  to  think  that  they  should  be  regarded  as  a  distinct  variety. 
Young  forms  of  the  species  are  certainly  very  abundant  in  the 
Skiddaw  Slates,  but  there  are  also  adult  forms,  and  these  seem  to  be 
very  closely  related  to  Hall's  type.  There  are  still  certain  minor 
differences,  but  these  seem  to  me  to  be  so  unimportant  that  I  cannot 
discern  any  necessity  to  distinguish  them  &om  the  typical  form 
under  a  varietal  name. 

Hall  gives  the  angle  of  divergence  as  175^;  in  our  Skiddaw  Slate 
forms  it  is  often  very  much  lower,  the  initial  angle  of  divergence 
being  in  some  cases  only  130°.  How  far  this  is  the  result  of 
preservation  1  am  not  prepared  to  say,  but  I  am  inclined  to  think 
that  even  in  these  stouter  and  more  rigid  graptolites  the  angle  of 
divergence  may  be  affected  within  certain  limits,  though  hardly 
perhaps  enough  to  account  for  the  above  discrepancy. 

In  the  typical  American  form  the  stipes  appear  to  proceed  at 
once  horizontally  or  very  nearly  so,  but  our  English  specimens  show 
a  greater  variation  in  form.  In  some  the  stipes  are  directed  down- 
wards, in  others  horizontally  or  even  upwards.  The  English  species 
has  also  rather  fewer  thecae  in  a  given  unit  of  length,  twenty-eight 
to  thirty-two  in  1  inch  (eleven  to  thirteen  in  10  mm.),  instead  of 
thirty-two  to  thirty-four  in  1  inch  (thirteen  to  fourteen  in  10  mm.) ; 
the  greatest  length  observed  in  any  stipe  is  3  inches  (76  mm.). 

Notes  on  Structure. — ^The  sicula  is  fairly  conspicuous;  it  is 
usually  about  -^  inch  (1*58  mm.)  in  length,  and  is  very  slender  in 
its  apical  part.     It  is 

often  placed  obliquely  Fig.  19. — Didymograptus  nitidus ;  from 
with  regard  to  the  Randal  Crag,  coll,  Woodwardian  Museum, 
stipes.  The  earliest 
theca  (th.  1^)  arises 
from  the  sicula  at 
some  distance  above 
the  aperture  on  the  left 
side.  The  connecting- 
canal  is  fairly  oblique ; 
it    gives   rise  to  the 

earliest  theca  of  the  r^  101 

secondary  stipe  (th.  1^  ... 

in  the  normal  manner.  In  some  specimens  the  stipes  diverge  fix)m 
each  other  at  their  origin  at  an  angle  of  about  175°,  their  dorsal 
walls  being  straight ;  in  others  there  would  seem  to  be  a  tendency 
to  grow  at  first  downwards,  the  angle  of  divergence  being  about 
130°  ;  in  exceptional  cases  this  growth  may  be  continued,  but  more 
frequently  it  is  arrested  after  the  development  of  six  to  ten  thecs  on 
each  stipe,  the  stipes  then  assuming  the  horizontal  position.  In  this 
case  the  dorsal  walls  are  at  first  curved,  but  subsequently  straight. 

In  other  cases  again,  where  the  downward  growth  is  arrested. 
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the  stipes  are  directed  slightly 
but  persistently  upwards, 
and  the  dorsal  wall  is  con- 
tinuously curved.  The  stipes 
are  narrowest  at  their  origin, 
but  widen  rapidly,  the  maxi- 
mum width  being  attained 
opposite  theca  10. 

In  the  largest  specimens 
the  width  at  the  origin  is  about 
^  inch  ('87  mm.),  and  the 
maximum  width  |^  inch  (1*58 
mm.),  but  average  speci- 
mens do  not  exceed  ^  inch 
(1-05  mm.)  in  width.  The 
maximum  width  is  main- 
tained till  near  the  distal 
extremity,  where  it  dimin- 
ishes owing  to  the  partial 
development  of  the  latest- 
formed  thecse  ;  the  stipe  has 
thus  the  appearance  of  being 
rounded  off.  In  some  forms 
the  thecae  appear  like  those 
figured  for  D,  constrtctus 
(Hall),  but  evidence  would 
seem  to  show  that  this  is 
merely  the  result  of  peculiar 
preservation,  being  due  to 
lateral  compression  of  the 
stipe. 

The  thee©  are  ^  to  -jlj^ 
inch  (1*58  to  2*1  mm.)  long ; 
they  are  narrow  at  their  base, 
but  widen  towards  their 
apertures,  being  often  at  that 
point  nearly  twice  as  wide  as 
at  their  base.  They  are  about 
3  times  as  long  as  wide. 
The  outer  wall  of  the  cell 
has  a  slight  double  curvature, 
near  the  base  it  is  slightly 
concave,  near  the  aperture 
slightly  convex. 

The  thec8B  number  twenty- 
eight  to  thirty-two  in  an 
inch  (eleven  to  thirteen  in 
10  mm.);  they  are  in  con- 
tact for  half  their  length  in 
the  proximal  part  of  the 
stipe:  this  increases  to  for  r 
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nearer  the  distal  end.  They  are  inclined  at  an  angle  of  35**  to  40°. 
The  thecal  apertures  are  very  slightly  concaye,  and  they  form  with 
the  general  direction  of  the  stipe  an  angle  of  120^.  One  specimen 
shows  the  pustules  at  the  thecal  hases. 

The  English  form,  then,  is  characterized  hy  (1)  the  variable 
curvature  of  the  stipes ;  (2)  the  rapid  increase  in  width  from  the 
initial  point ;  and  (3)  the  character  of  the  thecse  and  their  number 
in  a  given  unit  of  length. 

Occurrence. — On  one  slab  it  occurs  associated  with  TetragraptuM 
quadfibrachiatus  (Hall);  it  probably  belongs  to  the  Middle  Skiddaw 
Slates. 

Localities.— Eandal  Crag,  Skiddaw;  east  of  Longside;  Barf; 
Bassenthwaite  Sand-beds ;  Knott  Head,  Whinlatter  Pass ;  Brundelhow 
Lead  Mine ;  Gatesgill ;  below  Raven  Crag,  west  of  Skiddaw. 

(t)   DlDTMOORAPTXTS  NiCHOLBONI,  Lapw. 

1868.  Didymograpstu  M&rratnlMt,  Nich.  {non  Hall),  Quart.  Joarn.  GeoL  Soc. 
vol.  xxiv,  p.  138. 

1870.  Didymoffrapnu  serratulutf  Nich.  Ann.  Mag.  Nat.  Hist.  8er.4,  vol.  v,  p.  343 
ApLvii,  figs.  3-8  d. 

1876.  Didytno^ptus  NichoUoni,  Lapw.  A  Hopk.  Quart.  Jouni.  Geol.  Soc  vol.  xxxi, 
p.  644  A  pi.  xxxiii,  figs.  6  a-d. 

The   Skiddaw   Slate   specimens  now  referred  to  D.  NichoUoni 
were  provisionally  re- 
ferred   by    Nicholson     Fig.   21. — Impression    of  Didymograptus 
to  D,  serratulus.     As  Nicholsoni  from  Barf  near  Kestviek ; 

Lapworth  has  shown,  coll.  Woodwardian  Museum, 

Hall's  species  differs 
from  this  in  the  number 
of  thecae  in  a  given 
unit  of  length  and  in 
their  shape.  According 
to  Hall's  figure,  there 
must  be  only  sixteen 
thecse  in  the  space 
of  1  inch  (six  in 
10  mm.)  in  2>.  serra- 
tuluSy  whereas  in  D. 
Nicholsoni  there  are 
twenty  -  six  (rather 
more  than  ten  in  10 
mm.). 

The  original  speci- 
mens obtained  from 
the  Skiddaw  Slates 
are  said  to  have  been 
imperfect,  but  some 
specimens  of  the  form 
collected  from  Barf 
and  now  in  the  Wood- 
wardian Museum  are 
very  well  preserved. 
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The  stipes  are  usually  rigid,  and  their  dorsal  walls  straight,  but 
occasionally  they  may  be  slightly  curred ;  in  some  individuals  they 
are  very  long.  The  stipes  widen  slightly  from  their  point  of  origin, 
but  they  are  uniformly  narrow  for  almost  their  entire  length, 
never  exceeding  ^  inch  ( 1*05  mm. )  and  measuring  commonly 
rather  less. 

Notes  on  Structure. — The sicula  is ^ inch (1*58  mm.) long; 
it  is  narrow,  and  does  not  widen  much  even  in  the  direction  of  its 
aperture.  The  earliest  theca  (th.  1')  arises  about  halfway  up  the 
sicula  on  the  left  side  (obverse  view).  The  general  structure  of  the 
rhabdosoma  is  best  seen  in  the  reverse  view.  Theca  1^  at  once 
curves  concavely  outward,  so  that  the  sicula  is  free  on  the  left  side 
from  the  point  of  origin  of  theca  1'  to  its  aperture.  The  connecting- 
canal  is  long  aod  oblique,  and  theca  V  is  closely  adpressed  to  the 
right  side  of  the  sicula. 

The  angle  at  which  the  stipes  diverge  from  each  other  varies 
from  110°  to  130**.  The  outer  walls  of  the  earliest  thee®  have  a 
slight  concave  curvature,  but  in  the  thecsB  developed  nearer  the 
distal  end  the  waUs  are  straight.  The  thecse  are  in  contact  with 
each  other  for  a  short  distance  at  their  base ;  they  are  narrow  tubes 
of  uniform  width,  and  are  inclined  to  the  general  direction  of  the 
stipe  at  an  angle  which  is  usually  about  25°,  but  may  vary  from 
20^  to  30°  in  differerent  parts  of  the  stipe. 

The  apertures  of  the  thee®  are  concave ;  they  form  with  the  axis 
of  the  stipe  an  angle  of  100°  to  105°.  The  thecsB  are  about  4  times 
as  long  as  they  are  wide. 

The  species  may  be  said  to  be  characterized  (1)  by  the  rigidity 
of  the  stipes  ;  (2)  by  the  characters  of  the  thecsD :  (a)  the  nearly 
perpendicular  aperture;  (6)  contact  only  at  base;  (c)  low  angle 
of  inclination;  (3)  by  the  number  of  thecae  in  a  given  unit  of 
length. 

Occurrence. — On  one  slab  this  species  is  associated  with 
TetragraptuM  quadribrachiatus  (Kail),  Middle  Skiddaw  Slates. 

Localitie s. — Barf,  near  Keswick ;  Carlside  £dge,  Skiddaw  ; 
Outerside ;  Thomship  Beck,  Shap. 

(a)  DlDTMOGBAPTUS  AFFINIS,  Nich. 

1863.  Didymoffraptiu  sp.,  Salt.  Quart.  Joarn.  Geol.  Soc.  vol.  xix,  p.  137,  fig.  ISd, 

1869.  Didymoffrapsu*  affUUs,  Nich.  Ann.  Mag.  Nat.  Hist.  ser.  4,  vol.  iv,  p.  240  & 
pi.  xi,  fig.  20. 

1870.  IHdymoffrapsut  afflnia,  Nich.  ibid,  vol.  v,  p.  843,  fig.  4. 

The  specimens  in  the  Woodwardian  Museum  which  have  been 
referred  to  this  species  should,  in  my  opinion,  have  been  referred  to 
Didymograptus  NiehoUoni,  Lapw. ;  they  do  not  resemble  Nichol- 
son's types. 

In  D.  affinis  the  stipes  rarely  exceed  ^  inch  ('5  mm.)  in  width. 
The  cells  are  free  for  almost  their  whole  length ;  they  number 
eighteen  to  the  inch,  or  perhaps  twenty  if  the  measurement  be  taken 
near  the  sicula  (seven  to  eight  in  10  mm.) ;  they  are  inclined  at  a 
low  angle,  15°  to  20^  and  their  apertures  are  perpendicular  to 
the  general  direction  of  the  stipe. 
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The  Bicula  is  extremely  minute,  being  about  ^  inch  (*63  mm.) 
in  length. 

Localities. — ^Aik  Beck,  Pooley ;  recorded  by  Nicholson  from 
Barf,  Carlside  Edge,  and  £llergill. 

(c)   DlDTMOORAPTUS  BXTENBUS  (Hall). 

186a  Bmjdolitkm  extentut.  Hall,  GeoL  Snrv.  Canadm  Rep.  1857,  p.  182. 

1866.  OrapiolUhut  extsntut.  Hall,  '  Grapt  of  the  Quebec  Group,'  GeoL  Snrv. 
Canada,  dec.  2,  p.  80  A  pL  ii,  figs.  11-16. 

1870.  IHdjfmoarap9u$  exten9u»f  Nich.  Ann.  Mag.  Nat.  Hist.  aer.  4,  voL  v, 
p.  341  A  pi.  vii,  figs.  2  A  2a. 

1876.  Didymooraptut  exteiuus,  Lapw.  A  Hopk.  Quart.  Joum.  Geol.  Soc  voL  xxxi, 
p.  642  A  pi.  xxxiii,  figs.  1  a^. 

This  species  does  not  seem  to  be  at  all  abundant  in  the  Skiddaw 
Slates,  and  all  the  specimens  are  so  poorly  preserved  that  very  few 
details  of  structure  can  be  made  out. 

The  stipes  are  characteristically  slender  and  flexuous;  they 
diverge  at  a  fairly  constant  angle  of  150^,  but  have  a  distinct 
tendency  to  curve  slightly  upwards  in  their  more  distal  portions. 

Some  specimens  are  known  whose  total  length  must  have  been 
at  least  12  inches,  and  one  of  about  this  length  from  Kandal  Crag 
(Skiddaw)  is  now  in  the  Woodwardian  Museam. 

The  stipes  increase  in  width  very  slowly  from  their  origin  up  to 
a  maximum  which  is  attained  not  far  from  their  distal  ends ;  the 
decrease  near  the  actual  extremity  is  also  graduaL  The  width 
of  the  stipes  at  their  origin  is  generally  about  ^  inch  (-5  mm.)  ; 
this  increases  up  to  a  maximum  of  -j^  inch  (1*58  mm.)  in  a 
few  species,  but  more  commonly  they  do  not  exceed  ^  inch 
(1-05  mm.). 

There  are  twenty-four  thecee  in  the  space  of  an  inch  (about  nine 
or  ten  in  10  mm.)  ;  these  are  long  narrow  tubes  of  uniform  widtli, 
which  are  3  times  as  long  as  wide  in  the  adult  part  of  the  stipes, 
but  probably  only  twice  as  long  nearer  the  sicala.  The  maximum 
thecal  length  is  ^  inch  (2*1  mm.).  They  are  free  for  one-third 
of  their  length  distally,  but  for  not  more  than  a  half  in  the  proximal 
parts  of  the  stipes,  and  are  inclined  at  an  angle  of  about  40°. 

The  thecal  apertures  are  concave,  and  make  with  the  axis  of  the 
stipe  a  variable  angle  of  100°  to  115°. 

Occurrenc e. — Middle  Skiddaw  Slates. 

L  0  c  a  1  i  t  i  e  s. — Randal  Crag,  Skiddaw ;  below  Raven  Crag,  west 
of  Skiddaw ;  Outerside ;  Knockmurton,  near  Lamplugh  Cross. 

(I)  DiDTMOGRAPTUs  PATULus  (Hall).    (Figs.  22  &  23,  p.  506.) 

1868.  Graptolitkuspatuins,  Hall,  Geol.  Surv.  Canada  Rep.  1867,  p.  131. 

1863.  Did^fmograp9U9  hirundOf  Salt.  Quart.  Joum.  Ckol.  Soc  vol.  xix,  p.  137, 
fig.  13/ 

1866.  OraptoHihM  patulus.  Hall,  *  Grapt.  of  the  Quebec  Group/  Geol.  Surr. 
Canada,  dec.  2,  p.  71  A  pi.  i,  figs.  10-16. 

1868.  DidjfmograpstLB  patuluSy  Nich.  Quart.  Joum.  Geol.  Soc.  vol.  xxiv,  p.  136. 

1870.  IHdymoffrapaus  patulitty  Nich.  Ann.  Mag.  Nat.  Hist.  ser.  4,  vol.  v,  p.  340  & 
pi.  vii,  fig.  la. 

1876.  Didymo^raptus  patulus,  Lapw.  A  Hoplc.  Quart.  Joum.  Geol.  Soc  voL  xxxi, 
p.  644  A  pi.  xxxiii,  ngs.  4a-0. 

In  this  species  the  stipes  diverge  at  a  constant  angle  of  180^, 
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and  oontinne  thronghont  their  whole  length  in  more  or  less  of 
a  straight  line,  though  in  some  of  the  larger  specimens  tdiere 
is  a  tendency  to  curve  upwards  at  the  distal  extremities.  Some- 
times the  stipes  attain  an  enormous  length.  A  alah  in  the  Keswick 
Museum  shows  a  large  specimen,  one  stipe  of  which  is  complete 
and  measures  12  inches  (30*46  cm.)  in  length;  the  total  length 
of  this  specimen  must  therefore  have  heen  originally  at  least 
24  inches  (61  cm.).  Another  specimen,  now  in  the  Woodwardian 
Museum,  must  have  heen  at  least  21  inches  (53  cm.)  in  length. 
These  are,  so  far  as  I  know,  the  longest  specimens  on  record. 
The  stipes  are  of  considerable  width  even  at  their  origin,  and  may 
widen  out  to  as  much  as  ^  inch  (3*17  mm.).  This  is  rather  in  excess 
of  the  measurement  given  by  Hall,  but  he  does  not  seem  to  have 
had  such  large  specimens  under  his  notice. 

In  none  of  my  specimens  have  I  noticed  that  the  number  of  thecse 
to  the  inch  exceeds  twenty-eight  (eleven  in  10  mm.) ;  in  fact,  that 
number  is  only  exceptionally  attained  near  the  proximal  end  when 
the  thecsB  are  not  typically  developed,  and  even  then  the  number  is 
more  commonly  twenty-six  (rather  more  than  ten  in  10  mm.). 
Nicholson  gives  thirty,  thirty-two,  thirty-four  (twelve  to  fourteen 
in  10  mm.)  for  some  Skiddaw  Slate  forms,  and  he  also  figures 
a  specimen  with  concavely  curved  dorsal  walls.  None  of  my 
specimens  show  this  character  at  all,  and  I  should  be  inclined 
to  refer  Nicholson's  figure  to  Didymograptus  nitidus  (Hall).  The 
width  of  the  stipe  varies,  due  no  doubt  in  part  to  the  variation  in 
the  length  of  the  thecsB  and  their  incHnation;  in  some  young 
specimens  the  maximum  width  is  therefore  never  attained.  As  a 
general  rule  the  stipes  are  wide  at  their  origin,  and  continue  to 
widen  slightly  towards  their  distal  ends ;  but  immediately  before  the 
actual  extremity  is  reached  there  is  a  diminution  in  width,  owing  to 
the  partial  development  of  the  latest  thecse. 

Structure  of  the  proximal  end. — The  sicula  attains  a 
length  of  ^  inch  (3*17  mm.);  this  is  rather  long,  though  small  in 
proportion  to  the  size  of  the  rhabdosoma.  It  is  long  and  narrow, 
especially  in  the  apical  part :  at  its  aperture  it  is  ^  inch  (about 
'5  mm.)  in  width.  The  first  theca  (th.  1^)  seems  to  originate  very 
near  the  apex  of  the  sicula ;  it  grows  at  first  closely  adpressed  to  the 
sicula  in  a  straight  downward  direction,  but  then  curves  away  from 
the  sicula,  leaving  it  free  near  its  aperture  for  about  one-third  of  its 
length  on  the  left  side.  The  second  theca  (th.  1^)  also  at  first  grows 
closely  adpressed  to  the  sicula ;  it  seems  to  arise  from  the  connecting- 
canal  which  is  situated  near  the  apex  of  the  eicula.  Theca  1^  does  not 
grow  much  farther  down  than  theca  1*,  consequently  the  proximal 
part  of  the  rhabdosoma  in  this  species  has  an  unusually  symmetrical 
appearance.  The  apertures  of  the  earliest  thecsD  are  more  nearly 
parallel  to  the  direction  of  the  stipe  than  those  subsequently 
developed.  In  the  obverse  view  the  sicula  is  seen  to  be  somewhat 
obliquely  placed,  but  this  is  not  so  noticeable  in  the  reverse  view, 
when  the  right  side  and  part  of  the  aperture  are  concealed  by  the 
growth  of  theca  1^. 

Adult  part. — ^The  stipes  are  characteristically  wid# ;  the  average 
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width  lying  between  ^  and  X  inch  (2*5  and  2*1  mm.),  but  in  the 
larger  specimens  referred  to  aoove  the  width  is  as  much  as  h  inch 
(3-17  mm.). 


Fig.  22, — Didymograptos  patulus,  reverse  aspect ;  from 
Randal  Crag^  eoU,  Wbodufardian  Museum, 


are 


Fig.  23. — A  portion  of  the  same,  showing 
origin  of  th,  P,  th,  7*,  and  connecting-canal. 


[Nat.  sise.] 

The  thec8B  number  twenty-four  to  the  inch  (nine  to  ten  in  10  mm.) 
as  a  general  rule,  but  twenty-six  or  twenty-eight  (ten  to  eleven  in 
10  mm.)  may  be  counted  near  the  proximal  end.  They 
inclined  at  various 
angles  in  different  parts 
of  the  stipe :  near  the 
proximal  end  they  are 
inclined  at  about  45°; 
a  little  farther  away 
from  the  sicula  they 
curve  so  that,  while 
the  inclination  at  their 
bases  is  only  25^,  their 
apertures  make  with 
the  general  direction  of 
the  stipe  an  angle  of  60°. 
The  thecffi  are  3  times 


[X6.] 


as  long  as  wide,  and  are  free  for  about  a  quarter  of  their  length. 

The  apertures  of  the  theosB  are  concave  and  submucronate,  and  are 
inclined  at  a  constant  angle  of  about  130°  in  the  mature  pwt  of  the 
stipe:  it  is  characteristic  of  the  species  that  the  anterior  margin 
of  each  theca  is  vertically  above  the  base  of  the  second  theca  in 
advance.  The  thecse  usually  show  lines  of  growth  parallel  to  their 
apertures. 

Occurrence. — With  Didymograptus  gibberulus,  Nich.,  and 
Azygograptus  suecicus^  Moberg,  in  the  Middle  Skiddaw  Slates. 

Localities. — Lai^e  specimens,  and  all  the  best  ones,  from 
Randal  Crag ;  others  from  Outerside,  Aik  Beck,  and  Carlside  Edge. 


(/)   DlDTHOOBA^TUS  GRACILIS,  ToHiq. 

1890.  Didymograptun  graeilisy  Tornq.  *  Undersokn.  6£v.  Si^jansomr&dets  Qrapt.* 
pt.  i,  Lands  Univ.  Arsskrift,  vol.  xxvi,  p.  17  A  pi.  i,  figs.  9-12. 

There  can,  I  think,  be  no  doubt  that  a  specimen  in  Mr.  Postle- 
thwaite's  collection  should  be  referred  to  this  graceful  little  form. 

The  species  is  extremely  slender,  and  it  is  characteristic  that 
the  stipes  appear  to  diverge  from  i^e  sicula  at  markedly  different 
levels.     In  the  light  of  recent  research  this  must  mean  that  the 
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oonneoting-canal  is  Tory  oblique.  The  stipeB  diverge  at  an  angle 
of  180^. 

The  earliest  theca  arises  from  the  middle  of  the  sioula  and  grows 
straight  out,  so  that  the  stipe  to  which  it  gives  rise  appears  to 
originate  at  that  point ;  the  theca  (th.  1')  fiom  which  the  secondary 
stipe  originates  does  not  diverge  horn  the  sicula  till  dose  to  the 
aperture,  so  that  the  secondary  stipe  appears  to  arise  close  to  the 
aperture  of  the  sicula. 

The  dorsal  wall  of  each  stipe  shows  a  slight  convex  curvature. 
There  are  eighteen  thec»  in  the  space  of  an  indi  (seven  in  10  mm.). 

I  am  not  aware  that  DidymograptUM  gracilis  has  been  recorded 
hitherto  from  this  country. 

Occurrence. — Middle  Skiddaw  Slates. 

Locality. — Barf,  near  Keswick. 

{d)   DlDYMOGRAPTXTS  FASOICT7LATU8,  Nich. 

1869.  Didjfmoorap$u$  fuciculatus^  Nich.  Ann.  Mag.  Nst.  Hist.  ser.  4,  vol.  iv, 
p.  241  A  pL  xi,  figs.  21  A  22. 

1870.  Did^moffrap9U9fa8cieulatu$f  Nich.  ibid.  voL  v,  p.  844,  figs.  oaAb, 

This  species  should  be  easily  recognized,  even  in  a  fragmentary 
condition,  because  of  its  peculiar  characters.  All  the  specimens 
hitherto  recorded  belong  to  the  Skiddaw  Slates.  None  are  perfect, 
showing  at  most  the  proximal  end  and  one  stipe.  The  two 
specimens  in  the  Woodwardian  Museum,  which  I  believe  to  be 
referable  to  this  species,  are  fragments  of  the  distal  parts  of  the 
stipes. 

The  dorsal  wall  of  the  stipe  seems  to  be  always  convexly  curved, 
but  not  always  equally  so.  The  stipe  at  first  grows  straight  up- 
wards, and  then  curves  round ;  in  some  specimens  the  curvature  is 
continued  to  such  an  extent  that  the  distal  portion  of  the  stipe  is 
parallel  t'O  the  proximal  part,  but  in  others,  after  the  first  decided 
convex  curve,  the  stipe  runs  very  nearly  straight. 

The  cells  are  peculiar  and  eminently  characteristic ;  they  number 
twenty-four  in  the  space  of  an  inch 

(nine  to  t^n  in  10  mm  )  in  the  adult    ^ig.   24.-2Wo  specimens  of 
part  of  the  stipe,  and  are  exceed-       Didymograptus  fasdculatus 
ingly  long   and   narrow,  attaining       senthyProf.U.A.liidhoUon, 
sometimes  a  length  of  nearly  ^  inch       /^.o^  EUergilL 
(6-3  mm.).     They  are  inclined  at  so 
low  an  angle  (15^)  that  they  seem  to 
run  nearly  parallel  to  the  back  of 
the  stipe;   they  are  free  only  for 
the   last  fraction  of  their  length, 
and  have  their  apertures  perpen- 
dicular to  the  axis  of  the  stipe.    In  1.  2. 
the  proximal    part  of  the  rhabdo-                      [Nat  use.] 
soma  the  cells  are  smaller,  more 

distant,  and  are  in  contact  with  each  other  only  for  a  small  fraction 
of  their  length. 

A  perpendicular  line  dropped  near  the  aperture  of  a  cell  will  bo 
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seen  to  cut  four  different  cells,  and  yet  the  maximum  width  of  the 
stipe  does  not  exceed  ^  inch  (1*05  mm.)  and  is  much  narrower 
near  the  proximal  end. 

Occurrence. — Ellergill  Bedssa Upper  Skiddaw  Slates. 

Localities. — Aik  Beck,  Pooley;  Thomship  Beck ;  EUergill. 

(m)  DiDTMOGEAPTTJS  V-FRACTUs,  Salt.   (Figs.  26-28,  pp.  608  &  609.) 

1863.  IHd^fmograptuM  V-fraeUM,  Salt.  Qiuut.  Journ.  Qeol  Soc.  vol.  xix,  p.  137, 
fig.  13  0. 
1868.  Didymograp9n$  V-fivetut,  Nich.  ibid.  vol.  zxiv,  p.  134. 

^Rhahdosoma  consisting  of  two  stipes  which,  after  proceeding 
downwards  from  the  sicula  for  a  short  distance,  hend  abruptly  out- 
wards, so  as  to  enclose  a  much  more  open  angle  of  divergence. 
The  dorsal  wall  of  each  stipe  is  at  first  convexly  and  then  con- 
cavely  curved.  The  thec8B  number  thirty-six  to  the  inch  (fourteen 
in  10  mm.) ;  they  are  inclined  26°  to  30^.  They  are  long,  narrow 
tubes,  widest  at  their  aperture,  and  have  an  apertural  angle  of  116*^. 
The  thecsB  are  in  contact  for  half  their  length  proximally,  but  for 
nearly  two-thirds  of  their  length  in  more  distal  portions  of  the  stipe.' 

A  complete  description  of  this  form  has  never  hitherto  been 
given,  though  it  has  for  a  long  time  been  recognized  as  a  well- 
defined  species.  There  are  several  good  specimens  of  it,  both 
in  Mr.  Postlethwaite's  collection  and  in  the  Woodwardian  Museum. 

The  general  form  of  the  species  is  as  described  above,  but  the 
examination  of  a  number  of  specimens  reveals  considerable  variation 

Fig.  26. — DidjHDQOgraptus  V-firactus,  from  Barf  ; 
coll,  Woodwardian  Museum* 


Nat.  sixe. 
[A=reTerae  aspect ;  B=obver8e  aspect] 

from  the  typical  form,  especially  aa  regards  the  length  of  the 
V-part,  and  the  direction  taken  b*^  khe  stipes  after  the  abrupt  bend. 
In  some  cases  the  Y-shaped  part  is  narrow  and  rather  long,  in 
others  it  is  small  and  the  branches  after  the  bend  are  exceedingly 
long;  while  in  others  again  the  initial  angle  of  divergence  is 
greater,  and  the  change  in  direction  less  abrupt.  Some  forms  indeed 
approach  verj'  neai'ly  to  Tullberg's  Didymograptua  vaciUanSj  but 
the  stipes  of  that  species  are  of  a  more  uniform  width  than  in 
D.  V-jractus. 

Notes  on   Structure. — The  sicula  is  long  and  narrow;   it 
attains  a  length  of  -^  inch  (1*68  mm.)  exclusive  of  the  prolongation 
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from  its  apex,  which  here,  as  in  other  forms,  must  he  regarded  as 

the  troe  virgola.     The  sicula  is  not 

placed  symmetrically  with  regard  to 

the  stipes ;  it  is  nearer  the  secondary 

stipe,  i.  e,  the  stipe  with  the  second 

thecal  series. 

The  first  theca  (th.  1^)  appears  to 
originate  from  the  sicula  some  dis- 
tance ahove  its  aperture ;  it  grows  at 
first  horizontally  away  firom  the 
sicula,  which  is  thus  seen  in  ohverse 
aspect  to  be  free  on  the  left  side  near 
the  aperture.     In  the  obverse  view 


Fig.  26. — Proximal  end  of 
A,  enlarged  to  show  (he 
strtjtcture  of  the  reverse  side 
of  the  rhahdosoma  and 
point  of  origin  of  th.  P. 


theca   1'   is  seen  on  the  left  side; 


[X6.] 


Fig.  27. — More  distal  part  of 
stipe  of  A,  enlarged  to  show 
the  character  of  the  thecal. 


after  growing  horizontally  it  curves 
downwards.  The  connecting-canal 
is  narrow  and  oblique.  In  the  earlier 
part  of  its  course  theca  1'  is,  in  reverse 
aspect,  seen  to  be  in  dose  connexion 
with  Uie  apertural  part  of  the  sicula. 

The  walls  of  the  earliest  developed 
thecsB  are  concavely  curved.  They  are 
about  ^  inch  (1*05  mm.)  long ;  those 
developed  later  are  longer. 

The  stipes  are  narrowest  at  their 
origin,  but  quickly  attain  their  maxi- 
mum width,  ^  inch  (1*05  mm.),  near 
the  beud.  In  the  largest  specimens 
that  I  have  seen  the  maximum  width 
was  ^  inch  (1*58  mm.),  but  -^  inch 
(1-05  mm.)  is  more  usual.  The  thecae 
of  the  initial  part  of  the  rhahdosoma 
have  their  walls  concavely  curved, 
but  after  about  three  thecsB  on  the 
primary  stipe  and  two  on  the  second- 
ary, this  concave  curvature  b^;ins  to 
give  place  gradually  to  a  slight  convex 
curvature.  The  thecffi  thus  curve 
away  from  each  other,  and  the  general 
direction  of  the  stipe  is  changed. 

The  thecal  walls  in  the  distal  por- 
tion of  the  stipes  are  nearly  straight ; 
he  thecsD  have  a  length  of  -^  inch 
(1*58  mm.),  and  are  3  times  as  long  as  wide. 

Occurrence. — Middle  Skiddaw  Slates. 

Localities. — New  Brow  Quarry,  Upper  Lorton ;  Dodd,  Brack- 
enthwaite ;  Barf,  near  Keswick ;  Brunstock  Scar. 


[X6.] 

Fig.  28. — Evdargemsnt  of 
portion  of  B,  showing  the 
point  of  origin  of  <i.  i^, 
and  the  generally  unsym- 
metrical  appearance  of  the 
stipes  wiUi  regard  to  the 
position  of  the  sicula. 


[X6.] 
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(n)  Dn>TXoaB^PTV8  Y-FBAonrs  yar.  voluoxBi  K.  0.  Nioh. 

1890.  Did^TMC^ro^^iit  V-fhteUu  var.  vohum^,  H.  O.  Nich.  GeoL  Mag.  dec  iii, 
▼oL  Tu,  p.  84a,  fig.  8. 

This  variety  agrees  in  general  characters  with  the  foregoing 
species,  bat  Uie  whole  rhabdosoma  is  thicker,  the  basal  angle 
narrower,  and  the  V-part  more  prolonged.  The  bend  is  very 
abrupt,  and  the  stipes  thereafter  run  in  a  direction  at  right  angles 
to  their  previous  direction  of  growth. 

I^otes  on  Structure. — The  sicula  appears  to  resemble  that  of 
Didvtnograptus  V-fraetua  both  in  position  and  form,  and  the  details 
of  the  proximal  end,  so  far  as  can  be  made  out  from  the  only  two 
specimens  known  to  me,  seem  to  agree  with  that  species. 

The  stipes  are  narrowest  at  their  origin ;  they  grow  nearly  parallel 
at  first,  and  steadily  increase  in  width  up  to  Uie  bend,  where  they 
are  ^  inch  (2*1  mm.)  wide.  In  the  specimen  in  the  Woodwardian 
Museum  the  width  appears  to  be  greatest  at  the  bend,  and  then  to 
diminish  again  towards  the  distal  extremities  of  the  stipes,  but  in 
Nicholson's  specimen  the  width  appears  to  be  maintained  along  the 
horiiontal  part  of  the  stipe. 

In  the  Y-part  of  the  rhabdosoma  the  concave  curvature  of  the 
thecal  walls  is  apparent,  and  is  continued  for  a  longer  distance  than 
in  Z>.  V'fractui,  being  continued  for  the  first  seven  thecsB  at  least 

The  thec8B  number  thirty-six  to  the  inch  (fourteen  in  10  mm.)  ; 
in  the  V-part  they  are  in  contact  for  half  their  length,  but  in  the 
horisontal  part  for  fully  two-thirds  of  their  length. 

Angle  of  inclination :  (a)  y-parta25''  to  30°;  (6)  horiEontal 
part = 60°  at  curve  to  40°. 

Aperturai  angle:  (a)  V-part  nearly  perpendicular;  (6)  hori- 
iontal part=120°  to  125°. 

The  apertures  are  slightly  mucronate.  The  thecae  are  about  3 
times  as  long  as  wide. 

Occurrence  (?).    Locality. — Outerside. 

(g)  DiBTMOOBAPTns  IKDENTUS  (Hall). 

1868.  OraptoUaut  indentuSy  Hall,  G«ol.  Sarv.  Canada  Rep.  1867,  p.  128. 

1866.  GhraptolithuB  indeiUus,  Hall,  *  Grapt.  of  the  Quebec  Groap,'  Geol.  Surv. 
Canada,  dec.  "2,  p.  74  A  pi  i,  fig.  20. 

1876.  Didymoj^vptug  mdentrnt^  Lapw.  &  Hopk.  Quart  Jonrn.  Geol.  Soc  voL  zxri, 
p.  047  A  pi.  xxxiii,  figs.  7  a-0. 

All  the  specimens  of  Z>.  indentus  (Hall)  and  the  variety  nanus 
from  the  Bkiddaw  Slates  are  badly  preserved  as  regards  the  thecs, 
and  it  is  therefore  in  some  cases  rather  difficult  to  distinguish 
between  them,  though  the  forms  that  are  less  than  i^  inch  (12*7 
mm.)  long  should  probably  be  referred  to  the  variety.  When  the 
number  of  thec»  can  be  counted  the  distinction  can  more  readily  be 
made.  Both  forms  would  seem  to  be  present  in  the  SMddaw  Slates, 
and  to  occur  together  in  great  abundance  at  certain  localities,  as, 
for  instance,  at  Outerside  and  the  Glenderamakin  Biver. 

In  both  forms  the  sicula  is  long  and  narrow,  and  occasionally 
shows  the  thread-like  virgula  proceeding  from  its  apical  extremity. 
The  initial  angle  of  divergence  of  the  stipes  is  generally  about  60^, 
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but  after  the  first  divergence  the  stipes  run  more  or  less  parallel 
to  each  other,  though  there  is  in  some  forms  a  tendency  to  close 
together  at  their  distal  ends. 

In  D,  indentus  (Hall)  the  stipes  generally  exceed  1  inch  (25'39  mm.) 
in  length,  are  parallel  or  subparallel,  and  have  a  uniform  width 
of  about  5^  inch  (1*06  mm.).  The  sicula  is  long,  ^  inch  (2*53  mm.), 
and  the  earliest  developed  theca  appears  to  originate  rather  above 
the  sicula-base  and  to  be  closely  adpressed  to  it. 

Very  few  details  regarding  the  thecae  can  be  made  out  beyond 
their  number,  which  is  about  twenty-five  in  the  space  of  1  inch 
(ten  in  10  mm.). 

Occurrence. — Upper  Skiddaw  Slates  and  top  of  Middle  Skiddaw 
Slates. 

Localities.— Outerside ;  Glenderamakin  Biver ;  the  Dodd,  Skid- 
daw ;  Mosedale  Beck,  near  Troutbeck. 

(h)   DlDTMOQRAPTUS  INDElffTITS  Var.  NANUS,  Lapw. 

1868.  I>idymoffrap9u$  geminui,  Nich.  Quart.  Jonrn.  6eol.  Soc.  vol.  xziy,  p.  134 
A  pi.  T,  figs.  8  &  9. 

1870.  DidymoffrapBus  ffeminuSf  Nich.  Ann.  Mag.  Nat.  Hist.  ser.  4,  vol.  v,  p.  346, 
fig.  6. 

1875.  Didymoffraptus  indentus  var.  nanuSf  Hopk.  &  Lapw.  Quart.  Journ.  Geol.  Soc. 
voL  xxxi,  p.  647,  pL  xxxiii,  fig.  7<i  &  pi.  xxxv,  figs.  4<»-c. 

The  specimens  now  assigned  to  this  species  were  originally  referred 
by  Nicholson  to  D.  geniinus  (His.),  and  he  at  the  same  time  remarked 
that  D.  indentus  (Hall)  was  probably  a  large  example  of  it.  The 
species  in  question  is  altogether  different  from  Hisinger's,  both  in  size 
and  increase  of  width,  and  also  in  other  more  minute  particulars. 
As  Lapworth  has  pointed  out,  it  is  best  considered  as  a  dwarf  variety 
of  D,  indentus  (HaU),  with  which  it  agrees  closely  in  everything 
except  size  and  the  number  of  thee®  in  a  given  unit  of  length. 

The  character  of  the  proximal  end  agrees  in  all  particulars  with 
2).  indentus  (Hall),  but  the  stipes  never  exceed  ^  inch  (12*7  mm.) 
in  length,  and  are  commonly  narrower  than  in  that  species. 

The  thecae  seem  to  be  far  more  numerous,  being  as  many  as 
thirty  to  thirty-six  in  the  inch  (twelve  to  fourteen  in  10  mm.). 
The  apertures,  so  far  as  can  be  seen,  seem  to  be  perpendicular  to 
the  general  direction  of  the  stipe. 

Occurrence. — On  one  slab  from  Outerside  it  is  associated  with 
Tetmgraptus  serra  (Brongn.).     Middle  and  Upper  Skiddaw  Slates. 

Localities. — Outerside;  Glenderamakin  Kiver ;  Thornship 
Beck ;  Barf ;  Gatesgill ;  Mosedale  Beck,  near  Troutbeck. 

(6)   DiDTMOGRAPTTrS  BIFIDU8  (Hall). 

1865.  Graptolithus  bifidus.  Hall,  *Grapt.  of  the  Quebec  Group,'  Geol.  Surv. 
Canada,  dec.  2,  p.  73,  pL  i,  figs.  16-18  &  pi.  iii,  figs.  9  A  10. 

1868.  Didymograpsua  bi/tdus,  Nich.  Quart.  Journ.  Geol.  Soc.  vol.  xxiv,  p.  136. 

1870.  Didymoffrapsus  bifidus,  Nich.  Ann.  Mag.  Nat.  Hist.  ser.  4>,  vol.  v,  p.  346, 
fig.  7. 

1876.  Didymo^raptua  b\fidus,  Hopk.  &  Lapw.  Quart.  Journ.  Geol.  Soc.  vol.  xxxi, 
p.  646  A  pi.  xxxiii,  figs.  8  a-0. 

Two  forms  of  this  species  are  known  from  the  Skiddaw  Slates :  in 
Q.J.G.S.  No.  215.  ^^      ( 
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one  the  stipes  diverge  at  an  angle  of  about  60° ;  in  the  other  the 
base  is  more  rounded,  and  the  initial  angle  of  divergence  approaches 
a  right  angle.  The  ultimate  angle  included  between  the  stipes  in 
both  forms  is  generally  from  15*^  to  20°. 

The  stipes  are  never  parallel,  but  are  continuously  divergent 
throughout  their  length,  though  I  have  never  seen  a  specimen  from 
the  Skiddaw  Slates  in  which  the  angle  of  divergence  was  as  wide 
as  that  figured  by  Hall  (op.  supra  cit,  pi.  iii,  hg,  9).  The  stipes 
are  narrow  at  their  origin,  being  about  ^  inch  (1*26  mm.)  wide, 
but  ultimately  attain  a  maximum  width  of  ^  inch  (2*1  mm.). 
No  Skiddaw  Slate  specimen  is  known  to  me  in  which  the  width  is 
as  great  as  ^  inch  (6*3  mm.),  the  maximum  dimension  given  by 
HaU.  The  greatest  width  is  attained  near  the  distal  end  of  the 
stipes,  after  which  there  is  a  somewhat  rapid  diminution.  The 
increased  width  is  due  to  the  fact  that  the  thecae  augment  steadily 
in  length  from  the  proximal  to  the  distal  portion  of  the  stipes; 
but  at  the  actual  extremities  the  thecse  are  only  partially  developed, 
and  consequently  a  diminution  in  width  again  takes  place.  One 
result  of  this  is  to  give  a  peculiar  curvature  to  the  celluliferous 
margins ;  these  have  at  first  a  slight  concave  curvature,  bat  sub- 
sequently the  curve  may  be  convex,  or  else  curvature  is  con- 
tinuously concave ;  the  dorsal  walls  are  at  first  convex,  and  then 
straight. 

The  thecaB  number  generally  thirty-two  to  thirty-six  in  the 
inch  (thirteen  to  fourteen  in  10  mm.) ;  they  are  long  narrow 
tubes,  and  their  length  is  about  4  times  that  of  their  width  at  the 
widest  part ;  they  are  free  for  a  third  to  a  quarter  of  their  length, 
and  are  inclined  at  an  angle  of  about  45°.  The  apertures  are  con- 
cave and  submucronate,  and  make  an  angle  of  about  125°  with  the 
general  direction  of  the  stipe. 

When  fully  grown  the  rhabdoaoma  measures  commonly  about 
1  inch  (25*4  mm.)  in  length ;  one  specimen  from  Thomship  Beck 
is,  however,  1|  inch  (31*7  mm.)  long,  and  another  from  Ellergill 
must  have  been  fully  1^  inch  (38  mm.)  in  length.  From  the 
appearance  of  the  rhabdosoma  in  the  obverse  view,  it  would  seem 
as  if  the  earliest  theca  originated  from  the  sicula  slightly  above 
its  aperture,  but  in  no  specimen  is  the  proximal  end  sufficiently 
well  preserved  to  make  this  out  with  certainty. 

The  species  is  characterized  by  (1)  the  form  of  the  stipe  with 
straight  dorsal  wall  and  curved  celluliferous  margin  ;  (2)  the 
gradual  widening  of  the  stipes  from  the  point  of  origin ;  and 
(3)  the  characters  of  the  thecae  and  their  number  to  the  inch. 

Occurrence. — With  Diplofjraptus  dentatus  (Brongn.)  at 
Ellergill  in  the  EUorgill  Bed;j= Upper  Skiddaw  Slates. 

L  0  c  a  1  i  t  i  e  s. — Barf ;  Doddick  FeU  ;  Saddleback  ;  Outerside ; 
Burstock  Scar,  Skiddaw ;  Thornship  Beck,  Shap ;  Ellergill ;  East 
Dodd  Wood ;  Aik  Beck,  Pooley. 
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Genus  Azygograptus,  Nich.  &  Lapw. 

1876.  Nich.  Ann.  Mag.  Nst.  Hist.  aer.  4,  voL  xri,  p.  269. 

The  original  description  of  the  genus,  which  seems  to  hare  heen 
founded  on  the  characters  of  Azygograptus  Lapworthi,  Nich.,  re- 
quires some  modification  when  the  characters  of  the  other  species 
are  taken  into  account.  It  can  no  longer  he  said  that  the  stipe  *  is 
developed  from  the  central  portion  of  the  sicula  on  one  side,'  and 
hence  the  relationship  to  the  NemagraptidaB  is  no  longer  ohvious. 
For  my  own  part,  I  much  prefer  to  regard  it  as  belonging  to  the 
Dichograptidse,  since  I  consider  it  most  closely  related  to  the  forms 
in  that  family.  It  has  no  connecting-canal,  and,  therefore,  not 
more  than  one  stipe  can  arise,  but  otherwise  it  closely  resembles  a 
Didymograptus.  Holm  has  described  a  form  which  he  believes  to 
be  intermediate  between  the  Didymograpti  and  the  Azygograpti ;  in 
this  one  stipe  is  developed  and  also  a  connecting-canal,  from  which, 
however,  no  second  stipe  arises.  If  this  be  the  case,  the  Azygo- 
grapti are  undeniably  linked  to  the  Didymograpti,  and  should,  in 
my  opinion,  be  included  in  the  same  family. 

A  modified  definition  oi  Azyyograptus  might  be  stated  as  follows : — 
'Khabdosoma  single,  unilateral,  consisting  of  a  single  stipe  with 
cells  on  one  side  only.  This  stipe  originates  from  the  sicula  at 
various  levels.' 

(a)  AziGOORAPTTjs  Lapwobthi,  Nich. 

1876.  Azjfgograpttia  Lapworthi,  Nich.  Ann.  Mag.  Nat.  Hist.  ser.  4,  vol.  xvi, 
p.  2ae&pl.  viCfi^2-2c. 

Bhabdosoma  consisting  of  a  single  curved  stipe  with  cells  on  one 
side  only.  This  stipe  originates  at  a  point  rather  more  than 
half  way  down  the  sicula.  The  stipe  makes  with  the  sicula  an  angle 
of  110°. 

The  cells  number  twenty  in  1  inch  (eight  in  10  mm.) ;  they  are  long 
and  narrow,  and  the  width  at  the  aperture  is  about  twice  as  great 
as  at  the  origin.  Outer  walls  straight,  or  with  very  slight  concave 
curvature  in  some  of  the  earliest  developed  thecae.  Inclination  20^ ; 
the  cells  are  in  contact  for  a  very  short  distance  at  their  base. 
Cell-apertures  straight,  perpendicular  to  the  general  direction  of  the 
stipe. 

The  sicula  is  large  and  conspicuous  when  present,  but  many  of 
the  stipes  seem  to  be  broken  o£f  from  the  sicula  at  the  point  of 
connexion.  It  is  ^  inch  (1*26  mm.)  long  (Nicholson  gives  ^  inch 
=sl*05  mm.  as  the  length,  but  all  the  specimens  that  I  have  seen 
are  slightly  longer),  and  is  always  completely  free  at  its  aper- 
tural  end  for  fully  one-third  of  its  length;  the  width  at  the 
aperture  is  about  -^^  inch  ('5  mm.).  The  apical  part  of  the  sicula 
occasionally  shows  transverse  rings. 

The  stipe  is  very  slender  at  its  origin,  the  width  opposite  the 
aperture  of  the  first  theca  not  exceeding  ^  inch  (about  -5  mm.) 
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but  it  fpradnally  increases  in  width  up  to  a  maximum  of  ^  inch 
(1-05  mm.).  The  stipe  may  be  as  much  as  2  inches  (60-7  mm.)  long 
and  is  always  concavely  curved. 

Locality  and  Horizon. — Hodgson  How  Quarry,  near  Portin- 
scale  (Middle  Skiddaw  Slates). 

(6)   AZTOOGKAPTUS  (XELEBS,  Lapw. 

1880.  AzygograptuM  ealebi,  Lapw.  Ann.  Mag.  Nat.  Hist.  ser.  6,  vol.  ▼,  p.  159 
A  pi.  V,  figs.  16  a-e. 

E>habdosoma  unilateral,  consisting  of  a  single  stipe,  which  is  very 
slightly  curved  and  appears  to  originate  from  the  major  extremity 
of  a  small  but  clearly  defined  sicula.  The  stipe  runs  in  a  direction 
perpendicular  to  the  long  axis  of  the  sicula. 

The  thecsB  number  twenty-five  to  the  inch  (ten  in  10  mm.) ;  they 
are  narrow  tubes  expanding  slightly  in  the  direction  of  the  aperture, 
inclined  at  an  angle  of  15'.  Outer  wall  with  very  slight  concave 
curvature.  Thecae  in  contact  for  a  short  distance  at  the  base;  some 
of  the  earliest  developed  thecse  may  be  in  contact  for  as  much  as 
one-third  of  their  length.  The  apertures  of  the  thecas  are  acute, 
straight,  and  face  slightly  inwards. 

The  sicula  is  well  marked  thoagh  small,  -^  inch  ("87  mm.) 
long ;  it  is  wider  than  in  Az.  Lapworthi.  The  earliest  theca 
appears  to  arise  at  the  base  of  the  sicula  on  the  right,  at  least  that 
is  the  point  at  which  it  curves  away  from  the  sicula ;  but  from  the 
structure  it  seems  that  it  actually  originated  at  a  point  considerably 
higher  up  the  sicula,  and  grew  closely  adpressed  to  the  sicula  until 
near  its  aperture,  when  it  took  a  sudden  curve  outwards.  Perhaps 
this  was  to  give  greater  strength  of  attachment  to  the  sicula, 
which,  as  I  have  shown,  is  frequently  broken  off  in  Az,  Lapworthi 
at  the  point  of  connexion  with  the  stipe. 

Lapworth  states  the  maximum  length  of  the  stipe  as  2  inches 
(50*7  mm.),  but  none  of  the  specimens  that  have  come  under  my 
notice  have  exceeded  j  inch  (12*7  mm.)  in  length.  The  maximum 
width  is  -^  inch  (about  '6  mm.);  there  is  no  marked  increase  from 
the  point  of  origin. 

Locality  and  Horizon. — Ellergill = Upper  Skiddaw  Slates. 

(c)  AzYGooRAPTUs  8UECICUS,  Mobcrg.     (Fig.  29,  p.  515.) 

1892.  Azygograptus  stiecicus,  Moberg,  Geol.  Poren.  Stockh.  FdrhandL  vol.  xiv, 
p.  342,  pi.  viii,  figs.  1  &  2. 

Bhabdosoma  simple,  consisting  of  one  slightly  curved  stipe 
which  originates  in  the  angle  between  the  aperture  and  the  side  of 
the  sicula.  The  stipe  makes  with  the  conspicuous  sicula  an  angle 
of  145°. 

The  cells  number  eighteen  to  the  inch  (seven  in  10  mm.) ;  they 
are  long  narrow  tubes,  in  contact  with  each  other  for  a  shoii^ 
distance  at  their  base,  but  in  the  more  distal  part  of  the  stipe  they 
may  be  in  contact  for  as  much  as  one-third  of  their  length  ;  they 
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are  inclined  at  an  angle  of  15°.  The 
apertures  of  the  thecse  are  straight, 
acnte,  and  perpendicular  to  the 
general  direction  of  the  stipe. 

The  sicula  is  very  long  and  narrow, 
it  is  fully  ^  inch  (1*58  mm.)  long ; 
the  stipe  arises  close  to  the  aperture 
and  immediately  grows  out.  It 
varies  in  length  from  ^  to  1^  inch 
(12*7  to  38  mm.);  the  maumum 
width,  -jIq^  inch  ('87  mm.),  is  attained 
almost  at  once ;  there  is  no  percep- 
tible increase  after  the  two  earliest 
thecse. 

The  stipe  has  in  general  a  more 
rigid  look  than  in  Az.  Lapworthi^ 
though  it  is  often  curved  in  its  more 
distal  part. 

Occurrence. — On  the  same  slab 
with  Didymograptus  patxdus  (Hall), 
D,  gibbendus,  Nich.,  and  also  in 
dense  masses  to  the  exclusion  of 
other  species  (at  Barf).  Top  of 
Middle  8kiddaw  Slates.  This  species 
had  not  hitherto  been  recorded  from 
this  country. 

Localitie s. — Barf  ;  north-east 
of  Sleet  How,  west  of  Braithwaite ; 
Carlside  Edge. 


Fig.  29. — Azygograptus  sue- 
cicus  from  Barf;  coU, 
Woodwardian  Museum, 
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Az.  Lapworthi 

Az.  Calebs 

Az.  stiedcus 

Length  of  eioula    

,>5in.(126mm.) 

s'o  in.  (-87  mm.) 

^c  in.  (1-58  mm.) 

0  rigin  of  stipe  on  sicula 
Character  of  stipe     . . . 

half  way  down 

base 

angle  side  &  base 

flexuous 

horizontal 

rigid  at  first 

Number  of  thecs  (l)to 

(1)  twenty 

(1)  twenty-five 

(1)  eighteen 

inch,  (2)  in  10  mm. 

(2)  ten 

(2) seven 

Cell-inclination     

16° 

15° 

Max.  width  of  stipe  ... 

^  in.  (1-05  mm.) 

,V  in.  (6  mm.). 

Vff  in.  (-87  mm.) 

DiTergenoe  of  stipe  ... 

110° 

perpendicular 

146° 

Note  on  the  Azygograpti. 

There  can  be,  I  think,  little  doubt  that  the  species  of  Azygograptus 
appeared  in  the  following  order  :^1)  Az,  Lapworthi ;  (2)  Az, 
suecicus ;  (3)  Az,  cceltbs, 

Az.  Lapworthi  is  found  in  Hodgson  How  Quarry,  near  Portinscale, 
associated  with  Dichograptus  octobrackiatus  (Hall):  immediately 
outside  the  village  of  Portinscale  there  is  in  the  road-outting  an  ex- 
posure of  Skiddaw  Slates,  which,  from  their  position,  should  represent 
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a  distinctly  bif^her  horizon ;  this  is  also  borne  out  by  the  ^Biana, 
which  is  essentially  of  the  uppermost  Arenig  type.  Though  I  did 
not  obtain  Az,  suedcuu  from  this  locality,  the  graptolites  that  I  did 
ooUect  are  all  those  with  which  it  is  commonly  associated  at  Barf. 

Az,  ccelebs  is  found  at  EUergill  with  a  still  higher  type  of  fauna, 
whose  characteristic  fossils  are  species  of  Diphgraptus  and  Clirnaco- 
grapfuSy  none  of  which  have  been  recognized  at  lower  horizons. 

Genus  Leptograptus,  Lapw. 
Lkptooraptus  sp. 

There  are  in  Mr.  Postlethwaite's  collection,  and  in  the  British 
Museum  (Nat.  Hist.),  a  few  fragments  of  stipes  of  a  species  of 
Leptograptus  which  seem  in  every  case  to  be  the  same. 

The  genus  is  easily  recognized  by  the  peculiar  form  of  the  thecie. 
In  one  specimen  a  portion  of  both  stipes  is  seen,  but  unfortunately 
no  details  regarding  the  thecsB  can  be  made  out. 

The  stipes  are  flexuous  and  very  slender ;  they  have  a  width  at 
their  origin  of  ^  inch  ('42  mm.),  but  widen  to  a  maximum  of 
^  inch  ('63  mm.). 

The  thecsB  show  the  characteristic  Leptograptuf-iorm ;  they  number 
twenty-four  to  the  inch  (nine  to  ten  in  10  mm.),  rather  more  near 
the  proximal  end ;  are  inclined  at  a  low  angle  of  15**  to  20**,  and 
are  in  contact  witii  each  other  for  about  half  their  length. 

Occurrence. — Uppermost  Skiddaw  Slates. 

Localities. — ^Aik  Beck,  Pooley ;  Bassenthwaite  Sand-beds. 

Genus  Dicellograptus,  Hopk. 

DlCELLOORAPTUS  MOFFATKNSIS  (Carr.). 

1868.  Didvmoarapntt  moffat^nsiSj  Carrnthen,  Proc.  Roy.  Phys.  Soc  Edinb.  toI.  i, 

p.  409  [fig.  8]. 

1859.  Oraptolithus  divaricatuM,  Hall,  Pal.  N.  Y.  vol.  iii.  Suppl.  p.  613,  figs.  1^ 
1866.  JHcranograptM  divaricatvSy  Hall,  *  Grapt.  of  the  Quebec  GJroup,*  Geol.  Snnr. 

Canada,  dec.  2,  p.  57. 

1870.  Didymoarapsug  divaricahUt  Nich.  Ann.  Mag.  Nat.  Hist.  ser.  4,  toI.  r, 
p.  860  &  pi.  vii,  fig.  4. 

1871.  Bicellograptus  mqffbtetuiSy  Hopk.  Geol.  Mag.  vol.  viii,  p.  26  &  pi.  i,  fig.  4. 
1876.  DicelloffraptuM   mofatensitj  Hopk.  &  Lapw.  Qnart.  Joorn.  G^L  Soc 

▼ol.  xxxi,  p.  664,  pi.  xxxiv,  tigs.  3a&b  &pl.  xxxv,  figs.  6a  A  b. 
1876.  Dicelloffraptus  moffatensis,  Lapw.  Catal.  West  Soot.  Foss.  pL  iv,  fig.  84 

The  actual  characters  of  the  cells  are  difficult  to  make  out,  bnt 
they  number  about  twenty-four  to  the  inch  (nine  to  ten  in  10  mm.), 
and  the  form  of  the  species  leaves  no  doubt  as  to  its  identity.  In 
one  specimen  the  presence  of  a  membrane  is  indicated  by  a  band 
passing  across  between  the  dorsal  walls  of  the  stipes,  rather  abore 
the  level  of  the  aperture  of  the  second  theca. 

Occurrence. — Upper  Skiddaw  Slates. 

Localities. — Only  two  specimens  are  known  to  me ;  one  occurs 
on  a  slab  with  Diplograptus  prisiinifomiis  from  the  Upper  Skiddaw 
Slates  of  Thomship  Beck,  and  the  other  from  Mosedale  Beck,  near 
Troutbeck.  Others  have,  however,  been  recorded  from  Barf;  Kandal 
Crag,  Skiddaw ;  and  Bassenthwaite  Sand-beds. 
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Genus  Diplograptus,  M'Coy. 


b\\ 


(a)  DiPLOOEAPTUR  DEiTTATTis  (Brongn.). 

1828.  Fucoide*  dentatuB,  Brongn.  *  Hist.  V^4t.  Fogg.'  vol.  i,  p.  70  A  pi.  vi,  figg.  9-12. 

1866.  Diplograptn»  prUtiniformiB^  Hall,  *  Grapt.  of  the  Quebec  Group,'  Geol. 
Surr.  Canada,  dec  2,  p.  110  &  pi.  xiii,  figg.  15-17. 

1868.  DiplograpsuaprisHn^ormit,  Nich.  Quart.  Joum.  Geol.  Soc.  vol.  xxiv,  p.  140, 
pi.  V,  figg.  14  &  15. 

1875.  Diploffraptus  dentatuB,  Hopk.  &  Lapw.  ihid.  vol.  xxxi,  p.  656  h  pi.  xxxiv, 
figg.  5  a-k. 

The  species  priHiniformis  seems  to  be  the  same  as  the  form 
described  earlier  by  Brongniart  as  Fucoides  dentattu^  but  I  do  not 
agree  with  other  authors  who  consider  it  identical  with  Hisinger's 
species  teretiugculus ;  the  latter  has  fewer  thecse  in  the  same  unit  of 
length,  and  these  are  inclined  at  a  higher  angle. 

The  species  vanes  greatly  in  its  dimensions,  and  the  appearance 
of  the  thecse  is  so  different  in  various  aspects  of  the  rhabdosoma, 
that  it  is  only  after  examining  a  great  number  of  specimens,  and  com- 
paring them  most  carefully  with  each  other,  that  I  have  come  to  the 
conclusion  that  these  different  appearances  are  present/od  by  the  same 
species.  In  one  aspect  the  rhabdosoma  resembles  very  closely  some 
young  forms  of  D,  foliaceus  (Murch.),  in  another  it  appears  to  be 
identical  with  some  forms  of  Climacograptus^  while  in  a  third  the 
apertural  margins  of  the  thecsB  are  deeply  concave  and  their  outer 
edges  broadly  rounded. 

The  variation  in  dimensions  and  number  of  the  theoae  is  shown 
in  the  following  table  : — 


Form  and  Locality 

Length 

Maximum 
width 

No.  of 

tbecffiin 

1  inch 

No.  of 
thecsein 
10  mm. 

Thomgbip  Beck,    (a)  ... 

.    w ... 

»        {c)  ... 
Aik  Beck,  Pooley.  (a»)... 

„      »        ,.         (c»)... 
Troutbeck  

1  in.  (26-4  mm.) 

incomplete 
J  in.  (63  mm.) 
1  in.  (25-4  mm.) 
T?,  in.  (14-7  mm.) 
1  in.  (26-4  ram.) 
li  in.  (317  mm.) 
i  in.  (12-7  mm.) 
1  in.  (25*4  mm.) 
4  in.  (38  mm.) 

j  in.  (19  mm.) 
1  in.  (26-4  mm.) 

TVin.(2*l  mm.) 
T'rin.(l-68mm.) 
i>rin.(l-58mm.) 
t',  in  '"I  mm.) 
^'m       &8  mm.) 
tV  in       ^  mm.^ 
T^io       &8mm.) 
y*i  in       58  mm.) 
,4 in    -  imm.) 
J».  in  H  58  mm.) 
^J,  in    -2  I  mm.) 
^'m    \  58mm.) 
I'yin  i  I  58nmi.) 

30 
28 
28 
36 
36 
32 
32 
32 
24 
28-32 
28 
28 
28 

12 

11 

11 

14 

14 

13 

13 

13 
9-10 
11-13 

11 

11 

11 

ElIergiU,Milbum.     (o«) 

(^) 
N.W.  Longgide,  Skiddaw. 
Mungrigedale     

Baasenthwaite  Sand-bedg. 

As  will  be  seen  from  the  above  table,  the  dimensions  given  by 
Nicholson  are  often  exceeded,  and  there  is  great  variation  from  the 
number  of  thecae  stated  by  Kail.  The  highest  number  of  thecae 
generally  includes  those  of  the  proximal  end,  which  are  more  closely 
set  than  those  in  the  adult  part  of  the  rhabdosoma. 

The  maximum  width  of  the  rhabdosoma  is  always  reached  at  an 
early  period  of  its  growth,  and  is  then  maintained  for  the  remainder 
of  its  length.    The  proximal  end  of  the  rhabdosoma  is  seen  to  be 
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farnished  with  a  spine,  which  probably  is  the  apertural  spine  of  the 
sicula  (  =  virgella  of  Tornquist).  This  varies  in  length  in  di£ferent 
individuals ;  it  is  usually  short  and  about  j\  inch  (2*1  mm.)  in 
length,  but  may  be  longer;  it  is  stout  at  its  origin,  but  tapers 
quickly,  and  is  very  slender  at  its  termination.  The  virgula  is  often 
clearly  seen  and  is  frequently  prolonged  for  a  considerable  distance 
beyond  the  distal  extremity  of  the  rhabdosoma. 

The  thec8B  vary  from  twenty-eight  to  thirty-six  in  the  inch  (eleven 
to  fourteen  in  10  mm.) ;  in  their  normal  aspect  they  are  seen  to  be 
inclined  at  an  angle  of  about  20^,  and  are  free  for  a  third  of  their 
length ;  their  apertures  are  slightly  oblique. 

Occurrenc e. — Ellergill  Beds = Upper  Skiddaw  Slates. 

Localities. — Thomship  Beck;  Aik  Beck,  Pooley;  Troutbeck; 
Ellergill,  Milburn;  north-west  of  Longside,  Skiddaw;  Mosedale 
Beck ;  Mungrisedale ;  Glenderamakin  Blver ;  Bassenthwaite  Sand- 
beds  ;  Outerside ;  Master  Sike,  Crossfell. 

(h)   DlPLOGRA-PTUS  Cf,  TEBETIUSCULUS  (His.). 

1881.  Diplcffraptus  teretiuiculus,  Tullberpf,  *0n  Grapt.  descr.  by  Hisinger, 
Bihang  til  k.  SVenska  Vet.  Akad.  Handl.  vol.  vi. 

There  are  some  specimens  of  Diplograptus  in  the  Skiddaw  Slates 
which  seem  to  me  to  bear  a  very  marked  resemblance  to  Hisinger's 
species ;  they  are  certainly  different  from  the  species  just  described. 
Unfortunately  they  are  not  sufficiently  well  preserved  for  all  the 
details  regarding  the  cells  to  be  made  out. 

This  form  is  commonly  about  an  inch  (25'4  mm.)  long,  and  has  a 
maximum  width  of  ^  inch  (3*2  mm.). 

The  thecse  number  twenty-two  to  twenty-four  in  the  space  of  an 
inch  (eight  to  nine  in  10  mm.).  There  is  a  short  stout  spine  at  the 
proximal  end  (virgella). 

Occurrence. — Upper  Skiddaw  Slates. 

Localities. — North-eastern  side  of  Souter  Fell;  Bandal  drag, 
Skiddaw. 

(c)  DiPLOGBAPTUS  APPENDIC17LATUS,  Tomq.  MS. 

Obviously  this  species  is  closely  allied  Fig.  30. — Diplograptus 
to  the  well-known  Z).  vesictdosus  (Nich.),  appendiculatus,  coll, 

but  is  far  more  slender  than  that  species.  J.  E.  Marr, 

Near  the  proximal  end,  which  is  not 
seen  in  this  specimen,  the  width  is  -^  inch 
(1*26  mm.) ;  it  gradually  widens  towards 
the  distal  end  to  a  maximum  of  -j^  inch 
(2-1  mm.).  From  the  upper  end  proceeds 
the  vesicle,  inside  which  the  virgula  can 
quite  well  bo  detected. 

The  thecsB  number  twenty-four  to  the 
inch  (nine  to  ten  in  10  mm.) ;  their  outer 
walls  are  slightly  convex ;  they  are  inclined 
at  about  25°,  and  overlap  for  half  their 
length.  Their  apertures  are  perpendicular 
to  the  general  direction  of  the  rhabdosoma.  ^  Cvixt^  1 
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I  have  observed  the  same  species  in  the  upper  part  of  the 
Swedish  Fhyllograptus-Bkiffer^  in  the  zone  of  Ph.  of.  typus^  Hall. 
The  priority  of  discovery  belongs  to  Dr.  Tornquist,  of  Lund,  and 
for  further  details  concerning  the  species  we  must  await  his  full 
description. 

Occurrence. — Upper  Skiddaw  Slates, 

Locality. — Outerside. 

Genus  Climacograptus,  Hall. 
Cldiacograptus  Schakenberqi,  Lapw. 

1876.  CHmacoffraptut  Scharenbergi,  Lapw.  '  Grapt.  of  Co.  Down/  Proc  Belfast 
Nat.  Field  Club,  p.  138,  pi.  vi,  fig.  86. 

Several  specimens  of  this  species  are  preserved  together  on  a 
block  of  soft  shale  which  is  in  the  Woodwardian  Museum. 

The  individuals  vary  greatly  in  size ;  some  are  very  small,  only 
^  inch  (4*2  mm.)  long,  and  do  not  exceed  ^j  inch  (1*05  mm.)  in 
width.  The  largest  specimens  have  a  length  of  |  inch  (17  mm.) 
and  a  maximum  width  of  ^  inch  (1*58  mm.). 

The  rhabdosoma  is  always  narrow  at  its  proximal  end,  but  widens 
gradually  in  a  distal  direction ;  the  width  at  the  proximal  end 
rarely  exceeds  ^  inch  (-87  mm.). 

The  species  is  characterized  by  the  peculiar  nature  of  its  sutural 
groove.  This  is  deflected  from  side  to  side,  and  from  the  outer 
point  of  each  angulation  a  short  horizontal  groove  runs  out  at  right 
angles  to  the  general  direction  of  the  rhabdosoma. 

The  thecsB  number  between  thirty-two  and  thirty-six  to  the  inch 
(thirteen  to  fourteen  in  10  mm.),  the  higher  number  being  character- 
istic of  the  proximal  end ;  they  consist  of  short  perpendicular  tubes 
whose  apertures  are  slightly  introverted. 

Occurrence. — EUergill  Beds = Upper  Skiddaw  Slates, 

Locality. — Thomship  Beck. 

Genus  Cryptograptus,  Lapw. 
(6)  Cbtptooraptus?  aiitbnnabius  (Hall).     (Fig.  31,  p.  520.) 

1865.  Climacograptus  antennariuSy  Hall,  'Qrapt.  of  the  Quebec  Groap/  Oeol. 
Surr.  Canada,  dec.  2,  p.  112  &  pi.  xiii,  figs.  11-13. 
1868.  Diplograptut  antennariuSf  Nicb.  Quart.  Joarn.  GeoL  Soc.  vol.  xziv,  p.  189. 

This  species,  as  Nicholson  has  already  noted,  seems  to  be  abun- 
dant in  the  Skiddaw  Slate  of  certain  localities,  such  as  Outerside. 
Almost  invariably,  however,  the  specimens  are  badly  preserved,  and 
very  little  can  be  made  out  about  the  thecsB. 

Nicholson  states  the  maximum  length  as  ^  inch  (15  mm.),  but 
several  specimens  that  I  have  seen  are  fully  1  inch  (25*4  mm.)  long, 
though  there  seem  to  be  individuals  of  all  sizes  from  |  inch 
(6-3  mm.)  upwards. 

The  base  shows  well,  even  in  badly-preserved  specimens,  and 
usually  three  spinous  processes  are  visible ;  the  middle  probably 
represents  the  apertural  spine  of  the  sicula  (virgella  of  Tornquist), 
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and  the  other  two  are  long  spinous  outgrowths  from  the  bases  of 
thecsd  1^  and  V.  These  spines  usually  iodude  between  them  an 
angle  of  about  120^,  or  sometimes  rather  less ;  they  may  be  straight 
or  slightly  curved,  are  usually  rigid,  and  about  |  inch  (8*7  mm.) 
long.  The  rigidity  and  wider  angle  serve  to  distinguish  them  from 
the  similar  outgrowths  in  Cryptograptus  Hophinsoni. 

The  thec8B  number  between  twenty-four  and  twenty-eight  to  the 
inch  (nine  toeleven  in  10  mm.), 

theTirgulai8  usually  prolonged    ^.     3i._Cryptograptus  antenna- 
for  about  i  inch  (12-7  mm.         "^^g  fromOu^L  and  Mun- 
or   more  beyond    the   distal        ^J^  ^  j  ^  j^^^ 
extremity  of  the  rhabdosoma.         ^ 

Two  specimens  show  peculiar 
features.  In  one,  there  ap- 
pear to  be  two  basal  spines 
on  the  left  side  of  the  rhab- 
dosoma, the  occurrence  being 
such  as  to  suggest  that  a  spine 

{)roceeded  from  each  of  the 
ower  angles  of  the  quadrate 
basal  cell.  Whether  this  is 
usually  the  case  I  am  unable 

to  say :  I  have  observed  it  only  in  two  specimens,  and  it  may  be 
due  to  a  process  of  exfoliation  during  preservation. 

In  the  other  specimen  the  basal  spines  are  four  in  number,  two 
on  each  side,  and  in  addition  to  these  there  are  other  spines  pre- 
lecting from  the  side  of  the  rhabdosoma  at  a  point  rather  more  than 
halfway  down  its  length.  The  spine  on  the  left  is  clearly  seen, 
and  that  on  the  other  side  is  indicated  :  both  are  directed  obliquely 
downwards. 

Whether  this  is  merely  an  accidental  occurrence  I  cannot  say ;  if 
it  should  prove  to  be  constant  in  some  forms  the  variety  might  be 
appropriately  termed  var.  spinostts,  but  I  incline  to  the  belief  that 
it  is  merely  a  pathological  variation. 

Occurrence. — On  slabs  with  Didymograptut  hifidus^  Upper 
Skiddaw  Slates. 

Localities. — Outerside ;  Mungrisedale ;  Glenderamakin  Valley  ; 
Mosedale  Beck,  near  Troutbeck ;  Bannerdale  Fell. 

(a)  Cbtptoobapttjs  Hopkiksoni  (Nich.). 

ISeO.  BiplograptuM  Hopkinsoni,  Nich.  Ann.  Mag.  Nat.  Hiat.  mr,^  vol.  !▼,  p.  234 
A  pi.  xi,  fig.  7. 

The  structure  of  this  species,  referred  originally  by  Nicholson  to 
the  genus  Diplograptus,  seems  to  be  more  in  accordance  vrith  that 
of  Cryptograptusy  Lapw.*  Nicholson's  type-specimen  is  in  the 
British  Museum  (Nat.  Hist.) ;  it  occurs  with  Tetragraptus  qaadri-- 
hrachiatus  (Hall).  There  are  also  other  specimens  in  the  Wood- 
wardian  Museum. 

^  See  Lapworth,  Ann.  Mag.  Nat  Hiat.  aer.  5,  vol.  v  (1880)  p.  174. 
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The  species  is  characterized  hy  the  spinous  processes  at  its 
proximal  end,  which  are  very  similar  to  those  in  Cryptograptu9 
antennarius  (Hall),  but  are  more  curred  and  less  rigid  tiian  in  that 
species. 

The  thecsB,  with  their  slightly  reflexed  denticles,  are  also  peculiar ; 
they  number  twenty-four  to  the  inch  (nine  to  ten  in  10  mm.). 

Occurrence. — With  Tetragraptus  quadribrachUitus  (Hall)  and 
DidymograptuB  indentus  (Hall)  in  Middle  and  Upper  Skiddaw  ^tes. 

Localities.— Outerside;  BannerdaleFell; Glenderamakinyalley. 

Genus  Glossograptus,  Emm. 
(c)  GiossoeiuPTirs  fimbriatvs  (Hopk.). 

1872.  JHplosraptutJimhriainB,  Hopk.  Geol.  Mag.  toL  ix,  p.  606  A  pi.  zii,  fig.  8. 

There  are  at  least  three  specimens  of  this  species  in  the  Wood- 
wardian  Museum,  and  one  from  EUergill  is  extremely  well  preserved. 
The  specimens  have  a  length  of  |  inch  (12*7  mm.),  exclusive  of  the 
distal  prolongation  of  the  virgula,  which  is  seen  in  one  specimen 
for  \  inch  (4*2  mm.)  beyond  the  distal  extremity  of  the  rhabdosoma. 
The  sides  are  parallel,  and  the  width  about  ^^  inch  (1*58  mm.), 
exclusive  of  the  spines.    This  width 

is  maintained  throughout  the  length     ^ig.  32.— Gloss<^raptus  fim- 
of  the  rhabdosoma.  ^  ^_^   .    ^         hneLtus,  from  Ellergill;  coll. 

The  thecffi  number  forty  to  the  inch  j^  £^  Marr. 
(sixteen  in  10  mm.)  in  the  proximal 
part  of  the  rhabdosoma,  but  about 
thirty-six  (fourteen  in  10  mm.) 
nearer  the  distal  end.  They  are 
narrow  tubes,  expanding  in  the 
direction  of  the  aperture,  and  their 
length  is  about  3  times  as  great  as 
their  width.  They  are  in  contact 
for  about  half  their  length,  and  are 
inclined  at  a  low  angle  of  about  20^.  The  apertures  are  slightly 
oblique. 

The  spines  are  thick,  especially  at  their  bases ;  they  are  about 
^  inch  (1*26  mm.)  long,  those  near  the  proximal  end  are  directed 
outwards  and  downwards,  those  in  the  centre  of  the  rhabdosoma 
are  horizontal,  while  those  near  the  distal  end  are  directed  outwards 
and  upwards.  The  actual  base  of  the  specimens  is  not  very  clear, 
but  the  spines  there  seem  to  be  directed  vertically  downwards.  The 
course  of  the  virgula  is  clearly  indicated. 

This  species  differs  from  01.  armatus — (1)  in  general  form ;  (2)  in 
the  possession  of  more  numerous  thecea  in  a  given  unit  of  length  ; 
and  from  01,  Hincksii  (1)  in  shorter  spines ;  (2)  in  the  possession  of 
more  numerous  thecsd  in  a  given  unit  of  length ;  (3)  in  the  greater 
width  attained  by  the  rhabdosoma. 

Occurrence. — Ellergill  Beds  ss  Upper  Skiddaw  Slates. 

Localities.— -EllergiU;  Mosedale  Beck,  near  Troutbeck;  Barf. 
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Note. — The  specimen  from  Barf  is  rather  obscure,  but,  from  the 
number  of  thecse  in  the  inch,  it  seems  to  belong  to  the  above 
species ;  if  so,  it  is  a  young  form. 

(6)  Glossogbaptus  cf.  Hincksu  (Hopk.). 

1872.  Diplograptiu  Hincksii,  Hopk.  Qeol.  Mag.  vol.  ix,  p.  607  ft  pi.  xii,  fig.  9. 
1876.  Glosaoffraptus  Hincksii,  Lapw.  Cat.  We«t  Scot.  F088.  p.  7  &  pi.  ii,  fig.  67, 
A  *  Grapt.  of  Co.  Down,'  Proc.  Belfest  Nat.  Field  Club,  p.  134  A  pL  vi,  fig.  24. 

The  specimen  to  which  this  description  applies  is  not  well 
preserved,  but  it  seems  to  resemble  01  Hincksii  (Hopk.)  more 
closely  than  any  other  known  form  of  Glossograptus,  The  specimen 
is  |{  inch  (12*7  mm.)  long,  and  near  the  proximal  end  the  width  is 
tV  inch  (1*58  mm.),  exclusive  of  the  spines:  this,  however,  widens 
gradually  to  a  maximum  of  -^  inch  (2'1  mm.).  The  character  of 
the  proximal  end  recalls  Cryptograptus  anfenrwrtu*  (Hall) ;  it  is  fur- 
nished with  a  very  short,  stout,  median  spine,  and  two  slightly  curved 
lateral  spines  about  ^  inch  (2-1  mm.)  in  length.  The  spines  are 
very  long  and  slenaer ;  they  have  an  average  length  of  ^  inch 
(3*2  mm.J ;  they  are  probably  complete  on  the  right  side  of  the 
rhabdosoma.  The  distance  between  the  spines  gradually  increases 
towards  the  distal  end,  but  is  never  greater  than  -j^  inch  (2*1  mm.) 
in  this  specimen. 

The  appearance  on  the  right  side  suggests  that  every  theca  was 
furnished  with  a  spine,  but  I  am  inclined  to  think  that  this  appear- 
ance is  misleading,  and  that  the  thecae  are  better  seen  on  the  left 
side  of  the  rhabdosoma  at  its  distal  end.  Here  their  apertures  are 
visible,  and  they  number  thirty  to  the  inch  (twelve  in  10  mm.) ;  if 
this  be  the  true  number,  only  every  two  or  three  can  have  had 
spines. 

This  form  agrees  with  Olowograptus  Bincksii :  (1)  in  the  gradual 
increase  in  width ;  (2)  in  the  gradual  increase  in  distance  between 
the  spines;  (3)  in  the  length  of  the  spines.  It  has  rather  more 
numerous  thecse  in  a  given  unit  of  length,  but  this  may  be  partly 
the  result  of  preservation. 

It  differs  (1)  from  GL  ciliattis:  (a)  in  the  number  of  cells  in  a 
given  unit  of  length  ;  (6)  in  the  character  of 
the  base ;  (e)  in  the  length  of  the  spines. 

(2)  from  01.  armatus :  (a)  in  general  form  ;  (b)  in  the 

character  of  the  spines. 

(3)  from  Oijimbriatus :  (a)  in  the  length  of  the  spines ; 

(6)  in  the  number  of  cells  in  a  given  unit  of 

length. 
Occurrence.— EUergill  Beds  =  Upper  Skiddaw  Slates. 
Locality. — Thomship  Beck. 


(a)  Glossograptus  abmatus  (Nich.).    (Fig.  33,  p.  623.) 

1809.  Diplograptut  armatus,  Nich.  Ann.  Mag.  Nat  Hiit.  aer.  4^  toL  W,  p.  234  St 
pL  xi,  fig.  8. 

The  specimens  are  all  much  distorted  by  deavage,  and  show  no 
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Fig.  33. — Glossograptus 
armatu8,/ram  Thorn- 
thip  Beck  ;  coll.  Brit. 
Mu8.  {Nat.  Hist,). 


details  of  structure  beyond  external  form ;  the  great  length  of  the 
spiniform  appendages  in  proportion  to  the  width  of  the  rhabdosoma 
is,  however,  highly  characteristic. 

Nicholson's  type  is  in  the  British  Museum  (Nat.  Hist.),  and  so 
are  all  the  other  specimens  known  to  me.  The  specimen  that  seems 
to  be  the  reverse  of  Nicholson's  type  appears  to  me  to  show  more 
than  the  figured  side. 

None  of  the  specimens  exceed  |  inch 
(6'3mm.)  in  length,  exclusive  of  the  long 
distal  prolongation  of  the  virgula.  The 
general  form  of  the  rhabdosoma  resembles 
an  elongated  oval ;  its  maximum  width  is 
^  inch  (1-58  mm.). 

The  spines  are  stout,  they  are  fully 
-^Q  inch  (2-6  mm.)  long,  and  are  slightly 
reflexed  in  every  case  except  two  near 
the  distal  end,  which  are  directed  out^ 
wards  and  upwards.  Some  appear  to  be 
in  pairs,  but  whether  this  is  really  the 
case,  or  the  result  of  a  process  of  exfolia- 
tion during  preservation,  I  am  not  pre- 
pared to  say,  though  I  incline  to  the 
former  view. 

The  thecae  seem  to  be  more  closely 
set  than  Nicholson  believed  ;  he  reckons 
twelve  to  the  inch  (five  in  10  mm.),  but 
there  are  certainly  six  and  probably  seven 
thecse  on  each  side  in  some  specimens, 
and  no  specimen  much  exceeds  \  inch  in 
length  (nine  to  eleven  in  10  mm.). 
Every  theca  seems  to  have  been  furnished  with  a  spine. 

The  species  seems  to  be  most  closely  related  to  Oloasograpixa 
eiliatus,  Emm.,  from  which  it  differs  (1)  in  its  smaller  size ;  (2) 
in  the  greater  length  of  the  spines. 

Occurrence. — Ellergill  Beds  =  Upper  Skiddaw  Slates. 

Locality. — Thornship  Beck. 


[X5.] 


Genus  THgonograptus,  Nich. 

(a)  Trioonogba-ptus  ensipobmis  (Hall).     (Fig.  34,  p.  524.) 

1866.  Betiolites  ensiformis.  Hall,  *Grapt.  of  the  Quebec  Group/  Geol.  Sarv. 
Canada,  dec.  2,  p.  114  A  pi.  xiv,  fig^s.  1-6. 

1876.  Trigonograptus  ensiformis,  Hopk.  St  Lapw.  Quart.  Joum.  Geol.  Soc 
vol.  xxxi,  p.  669  &  pi.  xxxiv,  fi>?s.  8  a-c. 

1890.  Trigonograptus  entiformiSj  H.  0.  Nich.  GeoL  Mag.  dec  8,  voL  vii,  pp.  340- 
841,  figs.  1  &  2. 

There  are  two  specimens  in  the  Woodwardian  Museum  which 
seem  to  be  referable  to  this  species,  and  I  have  also  seen  one  in 
Prof.  Nicholson's  collection. 

According  to  Hall,  the  species  has  a  maximum  length  of  2}^  inches 
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(63  mm.),  and  a  maximum  width  of  ^  inch.  (4*2  mm.),  whOe  other 
specimens  J  inch  (12*7  mm.)  long  and  ^^  inch  (1'26  mm.)  wide 
are  also  met  with.  There  is  a  subsequent  diminution  in  width 
near  the  distal  end ;  this  is  shown  in  Prof.  Nicholson's  specimen, 
figured  in  Geol.  Mag.  1890. 

The  best  specimen  that  I  have  observed  is  1|  inch  (38  mm.) 
long;  the  width  near  the  proximal  end 

is  X  inch  (1-68  mm.),  but  this  increases    pig,  34.— Trigonograp- 
steadily   up  to  a  maximum  of  A  inch         tus   ensiformis,  coll. 
(4-76  mm.),  and  is  then  broken  off.     The         Woodwardian  Mus. 
width  is  trebled  within  the  first  ^  inch 
(12-7  mm.) 

The  thecsB  are  twenty-eight  to  the  inch 
near  the  proximal  end  (eleven  in  10  mm.), 
but  only  twenty-four  in  the  fully-deve- 
loped part  of  the  rhabdosoma  (nine  to  ten 
in  10  mm.).  They  are  in  contact  for  their 
whole  length,  and  have  oblique  apertures ; 
these  are  markedly  alternate  on  either 
side  of  the  rhabdosoma.  They  are  in- 
clined at  an  angle  of  about  45®. 

There  is  a  very  peculiar  proximal  exten-     t^*^  "*®]  [X5.1 

sion  from  what  appears  to  be  the  sicula ; 
the  exact  nature  of  this  I  have  not  been  able  to  determine. 

In  one  of  the  specimens  the  position  of  the  virgula  is  clearly 
indicated.     It  would  seem  to  have  been  straight. 

Locality  and  Horizon. — Mosedale  Beck,  near  Troutbeck  ; 
Ellergill  Beds  =  Upper  Skiddaw  Slates. 

(b)  Trigonogra-ptus  lancbolatus,  Nich. 

1869.  Triffonoffraptua  lanceolatuSj  Nich.  Ann.  Mag.  Nat.  Hist.  ser.  4,  vol.  ir, 
p.  232  &  pi.  xi,  tig.  6. 

The  only  specimens  of  this  species  known  to  me  are  in  Prof. 
Nicholson *8  collection.  The  form  is  closely  related  to  the  fore- 
going species,  but  differs  in  the  higher  angle  of  inclination  of  the 
thecae  ;  this  is  usually  about  76°. 

The  species  widens  rapidly  from  its  proximal  end,  and  the  thecce 
are  markedly  alternate. 

Locality  and  Horizon. — Upper  Skiddaw  Slates;  Ellergill, 
near  Milburn. 

Genus  ThamnograptVrS,  Nich. 
Thamjnograpius  Doveri,  Nich. 

1876.  Thamnograptnt  Doveri,  Nich.  Ann.  Mag.  Nat.  Hist.  ser.  4^  vol.  xvi,  p.  271  & 
pi.  vii,  fig.  1. 

The  type-specimen  is  in  the   Woodwardian  Museum.     I  have 
nothing  to  add  to  Prof.  Nicholson's  description. 
Locality. — South-western  side  of  Randal  Crag. 
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lY.  CoMPABisoir  or  the  Skiddaw  Slate  Faitka  with  sxhilab 
Fattsas  in  Swedsk  akd  Canada. 

The  appended  table  (II,  pp.  526-527)  shows  the  relationship  of 
the  Skiddaw  Slate  fauna  to  tiiat  of  other  areas.  It  will  be  observed 
that,  though  it  is  more  closely  related  to  the  fauna  of  the  Quebec 
Group  of  Canada  than  to  that  of  any  English  beds,  it  is  still  more 
nearly  related  to  the  Swedish  fauna;  for,  while  of  the  whole 
59  species,  25  are  common  to  the  Skiddaw  Slates  and  the  Quebec 
Group,  and  only  14  common  to  the  Skiddaw  Slates  and  the  two 
other  English  areas,  no  less  than  34  species  are  common  to  the 
beds  of  Sweden  and  the  Skiddaw  Slates. 

Of  the  total  number  found  in  the  Skiddaw  Slates,  15  species  are 
peculiar  to  the  beds,  4  occur  elsewhere  only  in  Canada,  and  17  in 
Sweden  only,  while  but  one  is  confined  to  other  English  areas. 

In  the  table  those  species  marked  (a)  are  also  present  in  the 
Arenig  beds  of  Australia ;  those  in  the  Swedish  column  marked  (6) 
occur  in  beds  below  the  Phyllograptus- Bkiffer ;  those  marked  (c),  in 
the  FhylloffraptuS'SkifSeT  and  higher  beds ;  and  those  marked  (d), 
exclusively  in  higher  beds. 

It  is  also  worthy  of  note  that  those  marked  (c)  occur  in  the 
Phyllograptu8-^Wf[eT,  only  in  the  zone  of  Fhyllograptus  cf.  typus, 
Hall,  which  overlies  the  Ort7ioceras-\\me6tone,  and  is  therefore  at 
the  very  top  of  the  Phyllograpttts-heda, 

Bryograptus  Callaveij  Lapw.,  occurs  in  the  Shineton  Shales  of 
England. 

y.  Gensbal  Conclusions. 
(a)  Stratigraphical. 

The  fauna  of  the  Skiddaw  Slates  points  to  the  beds  being  in  the 
main  of  Arenig  age,  but  it  also  indicates  beds  belonging  to  a  lower 
and  to  a  higher  horizon. 

The  occurrence  of  Bryograptus  and  Clonograptus  tenellus  points 
to  the  existence  of  beds  of  Tremadoc  age,  and  though  evidence  has 
not  yet  been  brought  forward  to  show  the  existence  of  still  older 
rock8,  their  occurrence  is  not  unlikely.  It  has  been  shown  that  the 
beds  have  near  equivalents  in  Sweden  and  Canada.  The  Tremadoc 
Beds  above  mentioned  undoubtedly  correspond  with  the  shales 
containing  Bryograptus,  which  in  some  Swedish  districts  (Scania, 
etc.)  take  the  place  of  part  of  the  Caratopyge-kalk. 

In  most  Swedish  localities  Graptolite-shales  succeed  the  Cera- 
iopyge-kslk,  and  these  are  overlain  by  the  Orthocerkalk  (Orthoceras- 
limestone),  which  represents  everything  up  to  the  zone  of  Ca^no- 
graptus  gracilis.  In  Scania,  however,  the  succession  is  rather 
different ;  the  Orf^oc^ras-limestone  is  not  nearly  so  thick ;  TuUberg 
separates  off  a  bed  of  shales  lying  immediately  above  it,  as  the  zone 
of  Phyllograptus  cf.  typus^  Hall,  and  this  forms  the  highest  bed 
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of  his* Lower  Oraptolite-Shales '  (=sPhyllograptu8'8)aSeT).  This 
zone  is  succeeded  by  a  series  of  Oraptolite-mudstones,  divided  by 
him  into  several  zones,  which  form  the  lower  part  of  his  '  Middle 
Graptolite-Shales  *  {DiceUograptus-skxtEer). 

The  fauna  of  this  zone  of  Phyllograptus  cf.  typus^  Hall,  is 
undoubtedly  present  in  the  Skiddaw  Slates,  almost  every  species 
which  occurs  in  it  in  Sweden  being  abo  found  in  the  Lake  District, 
such  for  instance  as  Didymograptus  gihherultis^  Nich.,  D.patulut 
(Hall),  D.  bifidua  (Hall),  Azyyograptus  auecicus,  Moberg,  Phyllo- 
graptus typtu^  Hall,  etc.,  which  are  all  found  associated  on  the 
same  slabs  of  Skiddaw  Slate. 

The  minuter  zones  of  the  PhyUograptm-%WSeT  which  lie  below 
the  Orthocerkalk  are  well  developed  in  Vestrogothis,  where  they 
have  been  worked  out  by  Dr.  Tdmquist  (of  Lund).  He  very  kindly 
communicated  to  me  privately  the  results  of  his  work,  but  its 
publication  must  be  awaited  before  a  detailed  comparison  with  the 
Skiddaw  Slates  can  be  made.  It  may  be  noted  that  I  have  reason 
to  believe  that  all  the  zones  are  represented  in  the  Skiddaw  Slates, 
and  are  present  at  Barf  and  probably  also  at  other  localities. 

The  fossils  collected  from  Outerside,  Thomship  Beck,  Glender- 
amakin  River,  and  other  places  seem  to  indicate  the  presence  of 
rather  higher  beds  than  those  at  Barf,  Randal  Crag,  etc.  The 
noticeable  feature  in  the  fauna  from  these  localities  is  the  abundance 
of  Diplograptids,  and  the  presence  of  Didymograptids  belonging  to 
the  *  tuning-fork '  group.  I  consider  these  to  be  the  equivalents  of 
the  EUergill  Beds  of  the  Cross  Fell  Inlier. 

These  EUergill  Beds,  in  addition  to  numerous  Diplograptidse,  have 
yielded  Placoparia,  a  trilobite  which  has  also  been  found  at 
Outerside ;  this  indicates  that  the  beds  are  of  Llanvirn  age,  and 
the  overlying  Milbum  Beds  must  be  newer,  and  may  possibly  be 
referred  to  3ie  lower  part  of  the  Llandeilo.  Unfortunately,  the 
fauna  which  they  have  yielded  at  present  is  scanty,  but  it  does  not 
in  any  way  go  against  this  view. 

The  EUergill  Beds  I  believe  to  be  represented  by  the  two  lowest 
zones  of  the  Swedish  DiMUograptus-tskifferf  or  possibly  even  by  more 
zones  than  these.  It  is  possible  that  there  exists  in  the  Lake 
District  a  series  of  fossUiferous  mudstones  representing  all  the 
beds  up  to  the  GlenkUn  zone  of  Ccenograptus  gracilis  (HaU),  but 
whether  a  detaUed  zonal  classification  of  these  beds  by  means  of 
their  graptolites  wiU  ever  be  feasible  it  is  very  hard  to  say. 

A  portion  of  the  Skiddaw  Slates  is  certainly  represented  by  the 
Bennane  Shales  of  Southern  Scotland ;  these  beds  probably  repre- 
sent the  whole  of  what  I  have  caUed '  Middle  Skiddaw  Slates '  in  the 
appended  table  (III,  p.  530). 

The  divisions  of  the  Skiddaw  Slates  which  I  have  adopted  are 
based  entirely  on  palaeontological  evidence;  the  separation  of  the 
Lower  Skiddaw  Slates  is  sufficiently  obvious,  but  it  must  be  noted 
that  it  does  not  correspond  to  Nicholson's  '  Lower  Skiddaw  Slates/ 
The  threefold  division  of  the  Middle  Skiddaw  Slates  is  based  upon 
the  following  facts : — (1)  That  I  have  found  Tetragraptus  Bigshyi 


Digitized  by 


Google 


Vol.  54.]  FAUNA  OP  THE  SKIDDAW  SLATES.  629 

(Hall)  associated  with  Bryograptus  ramosu^  var.  eumbreniisy  show- 
ing that  T.  Big9bt/i  must  occur  in  the  lower  parts  of  the  heds. 

(2)  Tetragrapitis  serra  (Brongn.)  and  other  forms  are  also  found 
associated  with  the  ^stuna  which  in  Sweden  characterizes  the  zone 
of  PhyUoyra-pius  cf.  typus  and  occur  on  the  same  slab  as  the 
earliest  *  tuning-fork '  Dtdymograpti, 

(3)  Dichograpti  do  not  occur  with  this  higher  fauna  at  all,  and 
therefore  are  probably  earlier  forms. 

The  Upper  Skiddaw  Slates  are  characterized  by  the  abundance  of 
Diplograptidae  and  '  tuning-fork  *  Didymograpti, 

The  results  of  my  work  as  regards  the  stratigraphical  relationships 
of  the  beds  are  summed  up  in  Table  III  (p.  530). 

{b)  Phylogenetic. 

It  has  been  established  as  a  general  rule  that  graptolites  with 
numerous  branches  have  been  gradually  succeeded  in  time  by 
types  in  which  the  branching  was  simpler.  This  is  no  doubt  true 
in  a  general  sense,  but  I  fully  agree  with  Nicholson  &  Marr 
that  the  phylogenetic  relationships  of  the  graptolites  are  not  so 
simple  as  they  appear.  These  authors,  in  their  paper  on  the 
'  Phylogeny  of  the  Graptolites '  (Geol.  Mag.  1885,  pp.  529-539),  have 
called  especial  attention  to  the  remarkable  resemblances  which  exist 
between  the  species  belonging  to  different  genera  of  the  Dicho- 
graptidse,  and  have  suggested  that  these  resemblances  may  be 
indicative  of  genetic  relationship.  They  point  out  how  very  difficult 
it  is  to  understand  how  the  extraordinary  resemblances  between  the 
various  species  of  Tetragraptus  and  Didymograptus^  etc.,  have  arisen, 
if,  as  is  usually  supposed,  all  the  s^^cies  of  these  genera  have 
descended  from  a  common  ancestral  form  for  each  genus,  in  the  one 
case  four-branched,  and  in  the  other  case  two-branched.  On  the 
other  hand,  they  hold  it  to  be  comparatively  easy  to  explain  the  more 
or  less  simultaneous  existence  of  forms  possessing  the  same  number 
of  stipes,  but  otherwise  only  distantly  related,  if  we  imagine  them 
to  be  the  result  of  the  variation  of  different  ancestral  forms  along 
similar  lines.  They  urge  that,  when  the  graptolites  (DichograptidsB) 
are  separated  into  groups  characterized  by  their  hydrothecsD, 

{a)  The  different  groups  exhibit  a  series  of  parallel  modifications 

as  regards  the  number  of  stipes  in  the  rhabdosoma ; 
(5)  The  older  forms  of  the  group  are  more  complex,  and  the 
later  forms  undergo  reduction  in  the  number  of  stipes. 
They  distinguish  nine  such  groups  in  the  family  Dichograptidfe, 
and  select  as  their  first  and  t3rpical  group  the  series  represented  by 
Bryograptus    Cdllavei^    Tetragraptus   Htcksii,  and   Didymograptus 
affinis. 

In  the  course  of  my  own  work  among  the  Skiddaw  Slate  grapto- 
lites, I  have  also  been  greatly  impressed  by  these  remarkable 
resemblances  between  species  of  different  genera,  and,  like  these 
authors,  I  feel  confident  that  such  forms  will  be  found  eventually 
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capable  of  arrangement  into  natural  phylogenetic  groups,  of  which 
those  of  Nicholson  &  Marr  must  be  looked  upon  as  the  first  sug- 
gestions. 

I  agree  with  these  authors  (1)  that  these  resemblances  are  of 
genetic  origin,  and  therefore  (2)  of  systematic  value;  and 
further  (3)  that  in  any  natural  group  the  forms  with  relatively 
fewer  branches  were  developed  from  the  more  complex  forms,  so 
that  it  follows  from  this  (4)  that  the  so-called  'genera'  of  the 
usually  accepted  classification  of  the  Dichograptidae  are  far  more 
of  a  chronological  than  of  a  zoological  significance.  But 
my  own  work  among  these  forms  has  led  me  to  the  conclusion 
that  the  forms  in  question  are  most  probably  the  result  of  develop- 
ment along  certain  special  lines,  and  I  would  suggest  that 
such  is  their  real  origin.  The  group-relationships  which  seem  to 
follow  from  this  suggestion  are  indicated  below. 

In  saying  that  the  apparently  simpler  types  have  been  derived 
from  the  more  complex  ones,  I  do  not  mean  to  imply  that  there 
have  been  no  other  modifications :  for  example,  that  every  Didymo- 
(/raptus  is  necessarily  derived  from  a  different  species  of  Tetragraptus, 
Some  are,  no  doubt,  merely  modifications  of  previously  existing 
Didymograptas-foTmB.  There  does,  however,  appear  to  be  a  certain 
group-relationship.  I  consider,  for  instance,  that  all  the  '  tuning- 
fork  '  Didymograpti  have  been  derived  from  what  might  be  termed 
the  ^  fruHcogus-if^*  of  Tetragraptus^  though  not  all  from  T.frutv- 
C08U8  (Hall),  as  Nicholson  &  Marr  seem  to  consider  (Geol.  Mag. 
1896,  p.  635).  And  on  the  other  hand,  the  Didymograpti  in 
which  the  stipes  form  with  each  other  an  angle  of  180°  probably 
originate  from  Tetragrapti  of  the  qu<idribraehiatU8~ty^y  though  not 
all  from  T.  quadribrachiatua  (Hall)  itself.  Examples  will,  perhaps, 
make  this  clearer. 

Thus,  starting  with  Bryograptus  ramo8U8  var.  cumhrennSy  we 
have  a  Bryograptus-iorm  whicn  resembles  a  Bidymograptus  with 
compound  branches  coming  off  from  the  celluliferous  side  of  its 
main  stipes.  Observation  shows  that  the  branching  in  this  case  is 
certainly  the  result  of  division  of  the  common  canal.  Suppose  now 
that,  instead  of  having  various  compound  branches,  the  division  of 
the  common  canal  takes  place  only  once  on  each  side  of  the  sicula, 
and  near  the  proximal  end  of  the  stipes,  the  resulting  form  will  be 
identical  with  Tetragraptus  pendens ,  while  the  absence  of  branching 
altogether  gives  a  form  like  Bidymograptus  indentus  (Hall). 

Nicholson  &  Marr  have  shown  similar  cases,  though  I  confess 
that  Bidymograptus  furcillatus,  Lapw.,  seems  to  me  more  likely  to 
be  the  oirect  descendant  of  Tetragraptus  fruticosus  (Hall)  than 
Bidymograptus  Murchisoni  (Beck)  ;  this  is,  however,  a  minor  point. 

On  the  other  hand,  starting  with  Clonograptus  sp.,  the  reduction 
of  indefinite  dichotomy  results  in  Loganograptus  sp.,  and  a  further 
limitation  in  branching  yields  Bichograptus  sp.  Every  stage  between 
a  typical  Bichograptus  octobrachiaius  (Hall)  and  Tetragraptus 
quadribrachiatus  (Hall)  can  be  traced,  for  there  occur  in  the 
Skiddaw  Slates,  in  addition  to  the  typical  *  octobraohiate'  form  with 
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eight  stipes,  forms  with  seven,  six,  and  five  stipes  which  seem  to  be 
identical  in  all  respects  except  the  number  of  branches. 

Then  Tetragraptus  is  reached.  A  further  reduction  in  the  powers  of 
dichotomy  would  result  in  a  Didymograptus  of  the  extenms-tyy^. 

The  artificiality  of  a  system  of  classification  that  includes  in  the 
same  genus  two  forms  having  such  totally  different  lines  of  descent 
as  the  above  forms  of  Tetragrwptus  is  perfectly  obvious,  but  it  is 
not  my  purpose  here  to  suggest  a  change  in  this  respect. 

In  dealing  with  the  phylogeny  of  the  Skiddaw  Slate  graptolites 
I  divide  them  into  two  large  groups : — (1)  Those  derived  from  a 
Bryograptwt-toTm ;  (2)  those  derived  from  a  Clonograptus-foTm. 

Nicholson  &  Marr  regard  the  angle  of  divergence  as  being  of 
phylogenetic  value.  In  the  foregoing  pages  I  have  called  attention  to 
the  fact  that  conditions  of  preservation  must  affect  this  angle  within 
certain  limits,  especially  if  we  hold  Lap  worth's  view  of  the  mode  of 
life  of  the  graptolites^;  but  given  a  graptolite  with  a  certain  amount 
of  rigidity,  the  angle  will  probably  be  approximately  constant.  Also 
I  thmk  that  it  has  a  certain  value  when  used  in  a  general  sense, 
and  when  absolute  constancy  in  numerical  values  is  not  insisted  on. 
For  example,  I  do  not  believe  that  a  Tetragraptus  of  the  fruHcosuM- 
type  would  ever  resemble  a  Tetragraptus  of  the  qtiadribrachiahu- 
type,  but  I  consider  it  very  likely  that  great  variation  might  be 
observed  in  a  delicate  Olonograptus-iorm  in  the  angles  at  whidi 
the  stipes  of  various  orders  were  inclined  to  each  other.  For,  if  wc 
consider  the  rhabdosoma  to  have  been  attached  to  some  floating 
body,  and  its  branches  fiexuous,  it  is  obvious  that  these  branches 
might  ultimately  come  to  rest  in  very  various  positions. 

(1)  Gbaptolitbs  debived  fboh  Bryograptu9. 

(n)  Group  containing  Bryograptus  ramosvts  var.  cumbrensis, 
Tetragraptus  pendens^  and  Didymograptus  indentus, 

I  have  already  referred  to  the  lines  along  which  Didymograptus 
indentus  has  been  evolved  from  Bryograptus  ramosus  var.  eumbrengis 
through  Tetragraptus  pendens;  a  detailed  examination  of  these  forms 
shows  how  complete  is  the  resemblance  between  them. 


Species. 

Oell-characters,  etc. 

No.  of 

cells 
to  inch. 

Incli- 
nation. 

Aper- 
tural 
angle. 

Over- 
lap. 

Bryograptus  ramosus  varJ 
cuTnbrensis, 

Tetragraptus  pendens, 
Didymograptus  indentus. 

Stips  similar  in 
width.  Cells  very 
sUghtly    curved, 
and  with  slightly 
concave       aper- 
^    turea. 

24 
(9-10)» 

20-24 

(8-9) 

25(10) 

20° 

15-20° 

30° 

115°- 
120° 

120° 
115° 

leesi 
abti 

^  See  Walther,  Zeitschr.  deutsch.  geoL  Getellsch.  toL  xliz  (1897)  p.  235. 
^  Figures  in  parentheses  in  this  and  the  following  tables  denote  the  number 
of  thecsB*in  10  mm. 
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Didymograptus  indentus  var.  nantu  is  a  peculiar  modification  of 
D.  indentus  (Hall),  from  which  it  is,  no  donbt,  derived. 

(fi)  Group  containing  Bryograptus  ramogiis  var.  cumbrensis^ 
Tetragrapius  fruticoms^  and  Didymograptus  furciUatus. 
With  regard  to  Tetragraptus  frutieosus  (Hall)  and  JDidymo- 
graptus  fureiUataSy  Lapw.,  the  resemblance  is  not  quite  so  dose ; 
nevertheless,  the  differences  are  so  slight  that  Didymograptus 
furdllatns  may  well  be  developed  from  Tetragraptus  fruticoitts^ 
with  other  slight  modifications  to  suit  special  conditions.  It  is 
not  reasonable  to  expect  that  we  should  in  every  case  have  the 
simplicity  shown  in  Group  a.  The  simplification  in  the  branching 
takes  place  in  the  same  way  as  in  that  group. 


Spedes. 

Oell^haraotew,  eta 

No.  of 

cells 

to  inch. 

Incli- 
nation. 

Aper- 
tural 
angle. 

Oer- 
lap. 

cumbrenm, 
Tetragraptus  frvHco9us, 

Didymograptus     furciU 
lotus. 

r  Gradual  increase 
in  width  of  stipes 

•{  from  origin.  Cells 
ourTed,apertures 

1^  ooncare. 

24(9-10) 
16(6) 

25(10) 

20<> 
45° 

1150- 
120« 
90» 

90* 

lemii 

i 

(y)  Group  containing  Bryograptus  ramosus  var.  eunihrentii, 
Tetragraptus  Postlethwaitiij  and  Didymograptus  Infidus, 

It  seems  likely  that  Didymograptus  bifidus  (Hall)  may  have 
been  similarly  developed  from  Bryograptus  ramosus  var.  eumbrensis 
through  Tetragraptus  Posilethwaitii  by  a  process  of  simplification  of 
the  branching  accompanied  by  some  other  slight  modifications,  such 
as  gradual  increase  in  the  number  of  cells  in  a  given  unit  of  length, 
concurrent  with  a  gradual  increase  in  the  angle  at  which  the  cells 
are  inclined. 


Species. 

Cell-characters,  etc. 

No.  of 

cellji 

to  inch. 

iDdi- 
nation. 

Aper- 
tural 
angle 

Orer- 
lap. 

cwnorensts. 
Tetragraptus       Postle- 

Didymograptus  bifidus. 

Stipes  of  general 
uniform  width. 
Cells  slightly 
corred,  with 
slightly  concaTe 

^  apertures. 

24  (9-10) 

30(12) 

32-36 
(13-14) 

20° 
30° 
45° 

115*»- 
120« 
130« 

oblique 

les.^ 
1 
i 

(2)  Group  containing  forms  derived  from  Tetragraptus  Bigsbyi. 

I  feel  certain  that  Tetragraptus  Bigsbyi  (Hall)  has  been  deve- 
loped frx)m  a  species  of  Bryograptus  in  a  manner  similar  to  that 
described  above  for  other  forms  of  Tetragraptus^  but  the  particular 
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species  of  Bryograptus  has  not  yet  been  recognized.  Subsequent 
development  seems  to  have  proceeded  along  two  quite  different  Unes, 
resulting  in  one  case  in  Phyllograptus  anguittfoUtUy  Hall  ?,  and  in 
the  other  in  Didymograpiua  gibberultu,  Nich. 

Between  Tetragraptus  Bigshyi  and  Phyllograpius  there  appears 
to  be  an  intermediate  form,  but  I  have  not  seen  it  in  England. 
It  has  been  recognized  in  Sweden,  however,  where  it  has  received 
the  name  of  T.  phyllograptoides  (Linnarsson,  MS.).  In  this  form 
the  four  stipes  are  united  in  the  proximal  part  of  the  rhabdosoma, 
but  are  free  at  their  distal  ends  ;  where  the  four  stipes  are  united 
for  their  whole  length  the  form  is  termed  a  Phyllograpius,  The 
development  of  Didymograptua  gibhtrulus  is,  I  consider,  more  direct, 
the  main  cause  being  the  absence  of  dichotomous  division  in  the 
common  canal. 

In  this  group  the  very  dose  resemblance  in  the  characters  of  the 
proximal  end  in  the  various  forms  is  worthy  of  notice.  In  all  the 
forms  we  note  the  marked  similarity  in  size  and  general  form  of  the 
sicula  and  the  earliest  developed  thecse,  which  differ  in  direction  of 
growth  from  all  those  subsequently  formed.  A  comparison  of  the 
structure  of  this  part  of  the  rhabdosoma  as  worked  out  by  Holm 
for  T,  Bigsbyi,  D.  gibheruluSy  and  Ph.  angtutifoUm  *  will  bring  this 
out  clearly.  Other  resemblances  between  these  species  are  shown  in 
the  following  table : — 


Speoies. 

Cell-characters,  etc 

No.  of 

cells 

to  inch. 

Incli- 
nation. 

Aper^ 
tural 
angle. 

Orer- 
lap. 

Tetragra^UB  Bigthyi, 

PhvUograptus     angusti- 

/oliusf 
Didymograptua  gtbberulus 

Gellf  long  and 
cnnred,  in  contact 

•  for  whole  length, 
and  with  oon- 
caye  apertures. 

32-36 

(13-14) 

36(14) 

32  (13) 

40(16) 

4C-60<> 

variable 
46^ 

140« 

TariaUe 
130^ 

whole 
»» 

»t 

(c)  Group  containing  forms  derived  from  Bryograptus  CaUavei, 

The  forms  which  fall  into  this  group  include  a  Tetragraptus  of 
the  £ricA-«t-type,  but  not  certainly  T,  Hxcksii  (Hopk.)  itself,  Didymo- 
graptus  Nicholsoni^  Lapw.,  D.  affinis,  Nich.,  D,  gracilis^  Tomq., 
Azygograptus  Lapworthi^  Nich.,  and  Az.  suecicus^  Moberg. 

Nicholson  &  Marr  have  already  called  attention  to  the  relationship 
between  Bryograptus  Callavei^  Lapw.,  and  Tetragraptus  Bicksii, 
The  latter  species  has  not  yet  been  recognized  in  the  Skiddaw  Slates, 
and  probably  the  form  from  which  the  simpler  types  have  been 
derived  may  be  somewhat  different  from  that  species,  though  closely 
allied  to  it.     From  this  type  two  forms  of  Didymograptus  were,  I 

•  *  Om  Didymograptus,  Phyllograptus,  och  Tetragraptus,*  Geol.  Foren.  Stockh. 
Forhandl.  vol.  ami  (1895). 
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believe,  developed  as  the  result  of  absence  of  division  in  the  common 
canal — namely,  Z>.  Nichohoni,  Lapw.,  and  D,  affinis^  Nich. ;  these 
types  have  much  in  common,  but  present  slight  differences.  It  is 
interesting  to  observe  that  in  both  species  further  development  pro- 
ceeds along  similar  lines,  resulting  in  the  ultimate  production  of 
forms  with  one  stipe  only;  the  one-stiped  form  developed  from 
D.  Nicholsoni  being  Azygoffraptus  Lapworthi,  Nich.,  and  that 
developed  from  D.  affinis  being  Azygograptus  suecicuSy  Moberg. 

There  is  so  great  a  resemblance  between  D.  affints  and  Az,  suecietta 
tbat,  but  for  the  abundance  of  the  latter  species  in  the  beds  and  the 
absence  of  anything  resembling  a  connecting-canal,  it  might  almost 
be  thought  that  the  presence  of  only  one  stipe  was  merely  accidental. 
In  the  Azygograpti^  therefore,  I  consider  that  we  have  an  extreme 
type  of  Dichograptid  in  which  the  power  of  branching  is  reduced  to 
a  minimum,  with  the  result  that  only  one  stipe  is  formed. 

Didymograptus  gracilis^  Tomq.,  may  be  regarded  as  a  slightly 
modified  form  of  D,  aMnis, 


Speeies. 

Oell-oharaoters,  etc. 

Naof 

cells 

to  inch. 

Inch- 
nation. 

Aper- 
tnral 
angle. 

1 
Orer- 
lap. 

Bryograptus  Cailavei, 
Tetragraptus  sp.  (Hickm- 

Asyaograpttu  Lapworthi. 
Dtdymograptus  affinis, 

Azygograptus  mecicus. 
Difymograptus  gracilis. 

Slender  forms. 
Cells  with  outer 
walls       straight 

.  or  Tery  slightly 
curved.  Aper- 
tures approxi- 
mately straight 

28(11) 

26 
(10-11) 
20(8) 
18-20 

18(7) 

20« 

20» 

200 
16^-20^ 

16° 
16<> 

106« 

IO60 

90*> 
90<>    • 

90O 

i 

II 
If 

(2)  Gbaptolites  DBRivisi)  FROM  Cl(mograptU8» 

The  mode  of  development  of  the  more  simply-stiped  forms  from  the 
more  complex  types  is  similar  to  that  of  the  other  group — namely, 
fEolure  of  dichotomous  division  in  the  common  canal.  If  this  be 
true,  we  should  expect  that  the  most  primitive  Didymograpti  resulting 
from  such  development  would  have  their  stipes  in  one  and  the  same 
straight  line :  in  other  words,  have^pparently  resulted  from  further 
growth  of  the  so-called  funicle,  which,  as  I  have  shown,  should  be 
regarded  as  consisting  of  two  stipes  of  the  1st  order,  since  they 
are  known  to  be  celluliferous.  Nicholson  &  Marr  seem  to  regard 
the  angle  of  divergence  between  the  two  stipes  of  the  2nd  order  as 
of  phylogenetic  importance.  I  must  confess  that  I  fail  to  appreciate 
the  reason  for  their  view.  I  am  convinced  that  the  Didymograpti  in 
this  group  have  resulted  merely  from  repeated  failure  in  dichotomous 
division,  and  I  cannot  see  how  the  result  oould  have  been 
attained  in  the  unsymmetrical  way  indicated  by  those  authors. 
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Each  primitive  Didymograptus  whose  stipes  indade  between  them 
an  angle  of  180°  may  also  give  rise  to  other  forms  by  slight  modifica- 
tions. My  view  is  certainly  borne  out  in  the  examples  that  I  adduce, 
for  in  each  case  the  resulting  Didymograptut  has  its  stipes  in  one 
and  the  same  straight  line. 


(ci)  Group  containing  Dichograptus  octonarius^  Tetragrapttu  serra^ 
and  Didymograptus  arcuatus, 

Nicholson  &  Marr  have  already  shown  the  general  relationships 
between  these  forms  (Geol.  Mag.  1895) ;  it  only  remains  for  me  to 
point  out  the  more  detailed  resemblances  in  the  characters  of  the 
cells. 


Species. 

Cell-cfaaraoten»  etc. 

No.  of 

oeUs 

to  inch. 

Incli- 
nation. 

Aper- 
tural 
angle. 

Over- 
lap. 

(HiOl). 
Tetragraptus  aerra  (Brng.) 

Cells  curred,  and 
►  with        concare 
apertures. 

J 

24  (9-10) 

24  (9-10) 
24  (9-10) 

30<>-S5° 

30° 
30° 

120O 

110° 
110° 

f 

(/3)  Group  containing  Loganograptus  Logani,  Didymograptus  oeto- 
brachiatuSy  D,  extensus,  and  Tetragraptta  quadribrachiatus. 

I  have  indicated  in  the  foregoing  pages  the  lines  along  which  such 
forms  as  the  above  have  been  evolved,  but  it  is  interesting  to  observe 
the  resemblances  of  the  cells  to  each  other. 


Species. 

Cell-charaoten,  etc. 

No.  of 

cells 

to  inch 

Incli- 
nation. 

Aper- 
tural 
angle. 

Ovei^ 
lap. 

Didymograptus         octo- 

brac&atus. 
Didymograptus  extensus. . . 
Tetragraptus        quadrir 

hracUatus, 

1  Oells    similar    in 
!    form,       curred, 
j    and  with  concave 
j    apertures. 

/ 

(8-9) 
24  (9-10) 
24  (9-10) 

a5° 

20°-56° 

40<» 
40° 

90°-95° 
106*»-110° 

110°-115« 
100° 

\ 
1 

(y)  Group  containing  Tetragraptus  Headi  and  Didymograptus 
patulus. 

It  seems  possible  that  Tetragraptus  Headi  may  also  have  been 
developed  from  the  pentad  type  of  Didymograptus  octobraehiatus,  and 
that  from  it  D,  patulus  was  subsequently  evolved.  I  would  abo 
suggest  that  D.  V-fractus  may  be  a  modification  of  D,  patulus. 
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Species. 

Cell-oharaoten,  etc. 

No.  of 

cells 

to  inch. 

Incli- 
nation. 

Aper- 
tural 
angle. 

Orer^ 

Up. 

THragraptus  Headi  

f  Cells  similar  in 
form,     and     in 

-  contact  for  the 
greater  part    of 

^  Uieir  length. 

24  (9-10) 
24  (9-10) 

40O 
46° 

oblique 
130^ 

1 

In  coQolnsion,  I  offer  my  grateful  thanks  to  all  who  have  helped 
me  in  my  work. 

I  cannot  sufficiently  express  my  gratitude  to  Prof.  Nicholson  and 
Mr.  Po8tlethwait<e  for  their  generosity  in  placing  their  entire 
collections  at  my  disposal.  Prof.  Nicholson  was  also  kind  enough 
to  lend  me  specimens  from  the  Quebec  Group  of  Canada  and 
from  the  Arenig  Beds  of  Australia  for  purposes  of  comparison. 

I  wish  also  especially  to  thank  Mr.  Marr  for  the  kind  interest 
which  he  has  shown  in  my  work,  and  for  the  great  help  which  he 
has  given  me  throughout. 

My  thanks  are  also  due  to  Prof.  Hughes  and  Dr.  Henry  Woodward 
for  permission  to  figure  and  describe  tiie  specimens  in  the  Collections 
of  the  Woodwardian  Museum  and  the  British  Museum  (Nat.  Hist.) ; 
to  Mr.  W.  A.  Brend  for  the  loan  of  specimens ;  and  to  Miss  V.  S.  Baker, 
of  Newnham  College,  for  her  valuable  assistance  in  collecting  in  the 
field. 

Discxrssioir. 

Mr.  Mabr  said  that  he  was  pleased  to  find  that  the  Authoress 
was,  in  the  main,  in  agreement  with  Prof.  Nicholson  and  himself. 
In  matters  of  detail,  he  believed  that  she  did  not  adopt  their  views, 
but  he  felt  that,  after  the  careful  manner  in  which  she  had  studied 
the  fauna,  the  Authoress  was  more  likely  to  be  correct  than  previous 
writers.  He  had  originally  intended  to  describe  the  fauna  of  the 
Skiddaw  Slates,  but  he  felt  that,  after  hearing  the  paper,  the  Fellows 
would  congratulate  the  Authoress,  the  speaker,  and  themselves  that 
the  paper  had  been  written  by  Miss  EUes. 

Dr.  Hicks  recognized  that  the  classification  of  the  Skiddaw  Slates 
adopted  by  the  Authoress,  on  the  strength  chiefly  of  the  graptolites, 
agreed  closely  with  that  made  out  by  him  from  stratigraphical  and 
palsontological  evidence  in  the  Lower  Ordovioian  rocks  of  St.  David's. 
He  thought  that  the  paper  was  a  very  important  one,  and  would  be 
of  great  assistance  to  those  who  were  working  on  these  rocks. 

The  President  and  Prof.  Watts  also  spoke. 
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I.  Introdttction. 

Mention  was  made  of  the  Ohhigerina-mvaXs  of  Bissex  Hill  in  a 
paper  on  the  Geology  of  Barbados  written  by  one  of  us  in 
collaboration  with  Mr.  Jukes-Browne,*  and  the  section  along  the  road 
ascending  the  hill  from  the  south-western  side  was  there  described. 
The  ordinary  succession  of  the  Oceanic  deposits  occurs  in  the  lower 
part  of  this  section  for  70  feet  vertical,  up  to  an  elevation  of  about 
865  feet.  Here  the  hill  rises  somewhat  abruptly  from  a  small 
plateau  of  the  siliceous  earths  to  a  knoll  at  an  elevation  of  966  feet, 
falling  away  to  a  spur  on  the  east,  the  ridge  of  which,  to  the  point 
where  it  terminates  abruptly,  has  a  level  of  about  900  feet.  On  the 
north  the  knoll  slopes  steeply  down  to  a  level  of  820  feet.  On  the 
west,  below  the  road,  the  land  falls  away  rapidly  to  Dark  Hole  and 
the  Vale,  the  lowest  exposure  of  the  Oceanic  Beds  being  north 
of  Park's  Windmill,  at  the  height  of  670  feet. 

The  whole  of  the  crown  of  Bissex  Hill,  instead  of  showing  the 
usual  passage  from  siliceous  earths  through  white  chalks  into  red 
clays,  was  found  to  consist  of  a  yellowish  or  buff-coloured  marl, 
which  proved  to  be  crowded  with  Globigerin<e,  and  to  include 
'occasional  large  blocks  and  several  embedded  layers  of  hard  Olobi- 
^mna-limestoue.  In  the  first  instance  no  change  in  the  character 
of  the  deposit  was  noticed  from  where  it  first  occurred  to  the 
summit  of  the  hill,  and  it  was  supposed  to  be  a  local  deposit  taking 
the  place  of  the  usual  chalk. 

It  was  afterwards  discovered,  however,  that  the  marl  forming 
the  base  of  the  knoll  on  the  hilltop  on  the  southern  face  contained 
a  variety  of  organic  remains,  and  a  slide  cut  from  a  sample  sent  to 
the  authors  of  the  above-mentioned  paper  revealed  the  fact  that  it 
included  small  fragments  or  pebbles  of  true  Barbadian  chalk. 
From  this  it  was  concluded  that  the  rock  of  the  knoll  was  a 
remani^  deposit,  formed  from  the  erosion  of  the  underl}'ing  Qlohi- 
^mno-marls  and  of  the  neighbouring  chalks  during  the  upheaval 
which  culminated  in  the  emergence  of  the  island.  It  was  conse- 
quently classed  with  other  beds  which  seemed  to  be  of  intermediate 
age  between  the  Oceanic  Series  and  the  coral-rocks. 

»  Quart.  Journ.  Qeol.  Soc.  vol.  xlviii  (1892)  pp.  170-225. 
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It  was  felt,  nevertheless,  that  the  locality  required  further  investi- 
gation,  and  the  present  paper  records  the  results  of  suhseqaent 
explorations  of  Bissex  Hill.  These  were  communicated  from  time 
to  time  to  Mr.  Jukes-Brpwne,  and  the  conclusions  to  which  they 
seemed  to  point  were  mentioned  in  a  letter  written  hy  him,  and 
read  at  a  meeting  of  the  Geological  Society  on  Feh.  20th,  1895.* 

The  principal  points  thus  ascertained  are  as  follows : — 

(1)  That  there  is  no  hreak  in  the  succession  of  the  Qhhigerina' 
marls  and  coral-limestone.  These  marls  pass  upwards  conformably, 
through  a  hasal  reef-rock  without  corals,  into  the  coral-rock  which 
caps  the  island.  Included  fragments  of  the  chalk,  of  the  radiolarian 
earth,  and  of  day  containing  radiolaria  occur  in  the  lower  beds  as 
well  as  in  the  upper.  Where  these  inclusions  are  largest  and  most 
plentiful,  they  are  in  the  form  of  rounded,  or  more  often  flatly-ovate, 
pebbles,  and  are  thus  easily  distinguished  from  the  angular  blocks 
and  fragments  of  GZo6ir/ertna-limestone,  which  in  places  occur  in  the 
marls  and  themselves  contain  inclusions  of  the  Oceanic  rocks. 

(2)  The  Olohigerina-m2kT\B  lie  unconformably  on  the  Oceanic 
Series,  in  some  places  resting  on  the  siliceous  radiolarian  earths,  in 
others  on  the  upper  calcareous  earths  or  chalks. 

(3)  The  central  and  highest  portion  of  the  hill  is  a  faulted  tract, 
the  mass  of  the  Olohigerina-m^rls  being  troughed  down  between 
two  main  fault-planes  and  slightly  displaced  by  another  fault. 

(4)  The  same  series  of  ^/o6i^mna-marls  and  basal  reef-rocks 
has  also  been  found  in  a  shaft  and  a  natural  cave  at  Bowmanston, 
an  estate  about  4^  miles  south-east  of  Bissex  Hill. 

II.  The  Orographic  and  Tectonic  Structttre  of  Bissex  Hill. 

It  is  on  Bissex  Hill  that  we  have  found  the  clearest  evidence  of 
the  unconformity  of  the  Ohhigerina-mBils  with  the  Oceanic  Series 
and  their  conformity  with  the  coral-rocks. 

Bissex  Hill  is  a  very  irregular  tract  of  high  ground  on  the  north- 
eastern side  of  the  island  of  Barbados.  From  its  highest  point, 
which  is  966  feet  above  sea-level,  it  sends  out  spurs  towards 
the  east  and  the  north-east,  divided  by  deep  valleys  which  slope 
steeply  down  to  the  coast.  On  the  north  a  ridge  extends  to 
the  hill  known  as  Chalky  Mount,  the  northern  slopes  of  which 
sink  almost  precipitously  to  the  Valley  of  St.  Andrews.  On  the 
south-east  and  south  it  slopes  somewhat  steeply  into  the  valley 
of  a  little  brook  called  Joe's  River.  Another  little  brook,  known 
as  Tar  Hole  Gully  Eiver,  divides  a  spur,  running  nearly  due  east 
and  capped  by  two  outliers  of  radiolarian  earth,  from  two  con- 
tiguous spurs  running  a  little  north  of  east,  along  and  partly  aeross 
which  a  fault-line  can  be  traced.  On  the  west  it  sinks  into 
another  deep  valley  known  as  Dark  Hole,  which  drains  northward. 
Between  the  valley  of  Dark  Hole  and  the  western  part  of  the  Joe's 
River  valley  is  a  high  ridge  running  south-westward,  which,  like 
the  neck  of  an  isthmus,  unites  Bissex  Hill  to  the  central  highlands 

'  See  Quart.  Joum.  Geo!.  See.  vol.  li,  p.  311. 
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of  the  island  near  Chimborazo,  where  the  elevation  reaches  1 100 
feet.  Along  this  ridge  a  road  is  carried  from  Chimborazo  t>o  Bissex 
Hill,  and  thence  along  the  western  slope  of  that  hill.  A  branch  of 
this  road  climbs  to  the  FoHce  Station,  which  is  built  a  little  below 
the  summit  of  the  hill,  at  the  offset  of  an  easterly  spur. 

From  the  main  road  a  branch  runs  in  a  north-easterly  direc- 
tion along  the  face  of  the  southern  rise  of  Bissex  Hill,  and  near  the 
point  where  the  roads  diverge  a  fault  occurs,  which  accounts  for  the 
existence  of  an  outlier  of  Oceanic  Beds  on  Park's  Estate  at  a  level  of 
about  700  feet,  while  the  base  of  the  same  beds  in  the  roadway  is 
seen  at  about  800  feet.  This  fault  (F.  1  on  the  accompanying  map) 
has  an  upthrow  on  the  north  side,  and  the  Oceanic  Beds  seen  along 
the  road  dip  locally  at  a  high  angle  (45®),  later  at  a  low  one  of  about 
5°  to  the  north-west,  and  extend  up  to  a  height  of  about  865  feet. 
They  are  then  succeeded  for  a  short  distance  by  OlohigeriTui'lime- 
stone  and  marl,  and  again  occur  as  siliceous  earths  for  about  10  feet 
vertically,  overlain  by  Glohigerina-m&rls,  The  Oceanic  Beds  form 
a  small  plateau  or  step  just  before  the  steep  rise  to  the  crown  of 
the  hill,  and  are  there  terminated  by  the  effects  of  two  branching 
faults  (F.  2  &  3)  having  a  total  downthrow  to  the  west  of  north  of 
about  130  feet,  which  bring  the  base  of  the  Oceanic  Beds  down  to  a 
level  of  670  feet  on  the  slope  of  the  hill  north-west  of  Park's  Mill. 

The  Olobigerina-marls  thus  brought  in  form  the  mass  of  the 
central  part  of  the  hill,  and  continue  along  the  road  for  some 
distance  till  at  a  point  some  120  yards  before  coming  to  a  branch- 
road  leading  to  Bissex  Hill  Estate  House  we  pass  over  another  fault 
(F.  5)  which  brings  up  the  Scotland  Beds,  succeeded  near  the  branch- 
road  by  the  lower  part  of  the  Oceanic  Series.  The  latter  formation 
continues  for  a  short  distance  up  the  road  which  runs  in  an  easterly 
direction  to  the  Estate  House,  but  is  cut  off  by  a  prolongation  of 
the  fault  last  mentioned,  and  we  again  find  ourselves  (at  an  eleva- 
tion of  about  820  feet)  on  the  Olohigerlna-msLTls.  The  direction  of 
this  fault  is  to  the  north-north-east.  A  little  farther  east,  just 
beyond  the  entrance  to  the  Estate  House,  are  two  exposures,  one 
(at  a  level  of  820  feet)  showing  the  Globigerina-marl  overlying  the 
Upper  Oceanic  chalk,  the  other  (at  830  feet)  showing  marl  overlying 
the  radiolarian  earths.  From  these  facts  we  infer  that  a  fault 
breaks  the  succession  of  the  underlying  Oceanic  Series,  but  does  not 
affect  the  Olobigerina-mArlB  :  this  is  numbered  4  on  the  map.* 

Coming  to  the  point  where  a  branch-road  leads  southward  and 
following  this,  it  is  found  that  it  runs  along  the  base  of  the  Olobi- 
^mna-marls  for  about  150  yards,  the  base  being  at  a  level  of  about 

'  The  topography  of  the  accompanying  map  (fig.  1)  is  based  on  the  large 
map  constructed  by  Sir  E.  Schomburgk  in  1848,  and  we  haye  inserted  such 
other  topographical  details  as  we  haye  noticed  during  many  visits  to  the  locality. 
The  topograpny  of  Schomburgk's  map  is  more  precise  than  that  of  the 
Admiralty  chart  which  formed  the  basis  of  the  geological  map  of  the  island 
published  in  1890.  Indeed,  the  faults  could  not  be  correctly  laid  down  on  the 
Admiralty  chart.  By  an  oversight,  the  basal  reef-rocks  are  not  shown  in  our 
map ;  they  occur  chiefly  on  the  eastern  part  of  Bissex  Hill,  and  on  the  outlier 
which  ends  in  Monkey  Hill. 

aJ.G.S.  No.  215.  2p 
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830  feet,  and  the  marl  lying  on  i^dio- 
larian  earth.  The  road  next  turns 
slightly  westward  and  again  south- 
ward, exposing  sections  through  the 
Globigerina-mnxlB,  in  which  many 
sharks'  teeth  occur.  It  then  descends 
gradually,  until,  at  a  level  of  about 
780  feet,  the  Olobigerina-moih  are 
abruptly  terminated  against  locally- 
contorted  radiolarian  earth,  the  latter 
dipping  to  the  fault  in  a  north-north- 
westerly direction,  its  general  dip 
being  (as  seen  lower  down  on  the  road, 
to  the  south-west.  This  fault  is  a  pro- 
longation of  that  (F.  2)  mentioned  aa 
seen  on  the  road  south  of  the  turn  to 
the  Police  Station. 

We  have,  therefore,  evidence  of  the 
existence  of  five  faults  on  Bissex 
Hill,  two  of  them  (F.  2  &  F.  5) 
forming  the  southern  and  north- 
western boundaries  of  the  tract 
occupied  by  the  Olobigeriyia-marh. 
Fault  No.  4  does  not  seem  to  shift 
the  boundaries  of  these  beds,  and  must 
be  therefore  of  anterior  date. 

The  existence  of  these  faults  is 
confirmed  by  the  outliers  of  tho 
Oceanic  Beds  and  of  the  Qlohigerina- 
marls  which  occur  in  the  neighbour- 
hood, as  shown  in  the  map  (p.  542). 
For  the  purpose  of  this  paper,  it  is 
only  necessary  to  describe  the  outlier 
on  the  ridge  at  Endeavour,  and  at 
Monkey  Hill,  north-west  of  Bissex 
Hill.  Here  fault  No.  2  is  seen  cut- 
ting off  beds  of  radiolarian  earth, 
which  dip  at  a  high  angle  to  the  north- 
north-west,  and  bringing  them  against 
the  Glohiifervxa-mdjl^,  On  the  north- 
ern slopes  of  the  ridge  the  marls  are 
observed  lying  upon  the  radiolarian 
earths  in  a  manner  similar  to  that 
seen  on  the  north-eastern  slope  of 
Bissex  Hill.  On  these  outliers  the 
Glohiyerina-msLTh  are  in  places  capped 
by  masses  of  reef-rock,  passing  into  true 
coral-rock,  which  lie  conlormably  upon 
the  Ghhiger{7ia-m3LTh, 

The  structure  of  Bissex  Hill  is 
shown  in  the  accompanying  section 
(fig.  2)  crossing  the  hill  from  north- 
west to  south-cast  along  a  Hue  a  little 
east  of  the  Police  Slation.jOOQle 
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III.  The  Succession  at  Bissex  Hill. 

The  Scotland  Beds  which  form  the  base  of  the  hill  are  succeeded 
unconformably  by  the  Oceanic  Series,  which  shows  the  usual 
succession  from  chalks  to  calcareo- siliceous  beds  and  in  places  to 
the  upper  chalks.  The  red  clays,  which  elsewhere  occur  overlying 
the  upper  chalks,  are  not  present  or  are  not  exposed  on  Bissex  Hill. 

Lying  unconformably  upon  either  the  calcareo-siliceous  beds  or 
the  upper  chalks  is  a  detrital  bed  which  forms  the  base  of  the 
Qlobigerina-msLTlB  of  the  hill.  It  consists  of  a  thin  band  of 
Ghbigerina-msLTl  containing  many  rolled  pebbles  and  small  lumps 
of  yarious  parts  of  the  beds  of  the  Oceanic  Series,  but  mainly  of 
the  chalks.  Inclusions  of  clay,  presumably  derived  from  the  beds 
of  the  Scotland  Series,  are  also  jfbund  in  it  in  places.  The  structure 
of  some  of  the  slides  prepared  from  specimens  of  this  bed  indicates 
that  the  included  fragments  fell  or  were  carried  into  the  Ohhiyertna- 
marl  while  it  was  in  course  of  formation,  the  Ohhigerinoi  being  found 
crowded  round  the  included  lumps.  This  band  is  especially  notice- 
able from  the  fact  that  the  foraminifera  present  in  it  are  chiefly  or 
almost  entirely  Olobigerince,  although  at  times  a  few  scattered  forms 
belonging  to  Ehrenbergina,  Bigentrhia,  Miliolina,  Nodosaria^  and 
Textularia  are  found,  while  in  a  very  few  cases  Amphistegina  appears. 

This  is  succeeded  by  a  series  of  yellowish  to  bright  buff-coloured 
marls,  which  frequently  have  a  coarsely  granular  appearance,  due 
to  the  presence  in  great  numbers  of  large,  thick-tested  GlobigerincSy 
a  texture  very  different  from  that  of  the  chalks  of  the  Oceanic 
Series.  The  lower  beds  are  particularly  rich  in  Olobigerince, 
and  contain  few  inclusions  of  the  rocks  from  the  Oceanic  or  the 
Scotland  Beds.  Ascending  in  the  series,  it  is  found  that  the 
numbers  of  foraminifera  other  than  Olobigerina  rapidly  increase, 
and  specimens  of  Ehrcnbergina,  Nodosaria,  Textularia,  Miliolina, 
Bigenerina,  Cristellaria,  together  with  some  other  forms,  become 
common.  The  higher  beds  consist  of  marls  with  many  Globigerirue 
and  of  compact  Globigeriyia-limestoues,  both  containing  many 
inclusions  of  Oceanic  chalks.  In  the  uppermost  of  these  beds,  the 
Olobigerince  gradually  die  out,  while  other  foraminifera  (especially 
Amphistegina)  increase  in  abundance,  and  fragments  of  lamelli- 
branch  shells  are  commonly  present. 

Spines  and  plates  of  echinoderms  are  generally  present  in  all  the 
beds,  with  the  exception  of  those  marls  which  have  few  inclusions, 
where  they  rarely  are  found.  The  distribution  of  echinid  debris 
is  very  irregular ;  in  places  they  are  present  in  great  abundance, 
while  in  others  on  the  same  horizon  they  may  be  scarce  or  apparently 
totally  absent.  In  some  of  the  blocks  of  limestone,  casts  of  turbinate 
corals  occur,  and  at  times  small  joints  of  Pentacrinus  are  found. 
Here  and  there,  through  the  beds,  great  numbers  of  sharks* 
teeth  belonging  to  Caixharodon,  Hemipristis,  Oxgrhina,  and  Lamna 
are  found.  In  the  upper  beds  many  nuUipores,  notably  Litho- 
ihamnium,  and  millepores  occur. 

As  the  Olobigerince  gradually  disappear  from  the  upper  members 
of  the  group^  Amphistegina^  become  common,  and  in  places  the 
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limestone-rooks  are  almost  wholly  made  up  of  them.  On  the  eastern 
spur  of  Bissex  Hill  and  on  the  outlier  towards  Monkey  Hill,  the 
gradual  change  of  the  Upper  Olohigerina-mAvh  into  Amphigtegina- 
limestones,  and  from  these,  through  basal  reef-rocks  having  the 
characters  described  by  Mr.  W.  Hill,*  to  true  coral-rocks,  is  well  seen. 
The  total  thickness  of  the  Olobigerina-m&Tls  as  exposed  on  Bissex 
Hill  is  apparently  about  90  feet ;  that  of  the  passage-rocks,  from 
the  marls  to  the  true  coral-rocks,  is  very  variable,  but  probably  in 
no  case  exceeds  20  feet.  The  following  is  a  summary  of  the  vertical 
succession  of  the  Olobigerina-maxh  and  reef-rocks  at  this  locality : — 

Bbep-rockb:    (6.  Ooral-rock. 

4.  Basal  reef-rocks  without  coral. 

3.  Globifferina-msiTh,  with  many  inclusions  of  Oceanic  earths. 
2.  Globigerina-mnrlB  with  few  inclusions. 
1.  Detrital  beds  of  Globigerina-m&rl,  with  rery  many  inda- 
sions  of  Oceanic  earths  aud  at  times  of  Scotland  Clays. 

The  Olobigennce  of  the  Bissex  Hill  marls  are  characterized  by 
their  considerable  size,  their  robust,  thick-walled  tests,  and  in 
these  characteristics  thev  resemble  those  dredged  by  the  Buccaneer 
in  1886  in  the  South  Atlantic  (lat.  0''  1'  S.,  long.  15°  56'  5"  W.)  from 
a  depth  of  1845  fathoms.  They  are  in  marked  contrast,  in  this 
respect,  to  the  small  Glohigerince  with  thin-walled  tests  present  in 
the  included  fragments  of  Oceanic  chalks.  Their  colour  also  is 
different,  being  generally  of  a  light  buff,  and  at  times  they  contain 
glauconite ;  those  of  the  Oceanic  earths  usually  have  a  glistening 
white  appearance.  The  Bissex  Hill  marls  bear,  however,  a 
remarkable  likeness  to  the  Globigerina'Tock  figured  by  Alex.  Agassiz.' 
This  is  said  to  be  part  of  a  slab  dredged  off  Alligator  Reef  at 
]  47  fathoms,  but  no  account  of  it  is  given,  and  we  are  therefore 
uncertain  whether  it  is  derived  from  a  recent  deposit  or  from  a 
submarine  outcrop  of  a  rock  such  as  the  Olobigerina-limeatoiLe  of 
Barbados. 

Apart  from  the  foraminifera  enumerated  by  Mr.  Chapman  (see 
Api>endix,  p.  550),  very  few  fossils  have  yet  been  found  in  the  Bissex 
Hill  marls.     The  following  short  list  includes  all  that  are  known, 
and  the  sharks'  teeth  are  by  far  the  commonest  among  them ; — 
'  Carcharodon  (teeth). 

Hemiprisfis  (teeth), 

Lamna  (t^th). 
^  Oxi/rhina  (teeth). 

Arch(foj>neu8tes  abrm>tus,  Gregoiy. 

Pentacrinus  (single  joints  of  stem). 

Small  turbinate  corals  (as  oasts). 

The  Scafaria  described  by  Sir  R.  Schomburgk  as  Sc.  Ehrenbergti 
and  as  having  been  obtained  from  Bissex  Hill  came  very  probably 
from  these  beds,  for  he  found  it  in  a  rock  *  composed  of  yellow 
siliceous  limestone  or  calcareous  freestone,  in  which  some  shells, 
spines  of  Echini,  and  teeth  from  two  species  of  sharks  have  been 
found.' ' 

»  See  Quart  Joum.  Geol.  Soc.  toI.  xlyii  (1891)  pp.  24G-247. 

2  •  Three  Cruises  of  the  BlaA'e,*  toI.  i  (18S8)  p.  2d5,  fig.  182. 

*  Scbomburgk's  •  History  of  Barbados/  1848. 
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IV.   B0WMAN8TON  AKD  OTHEB  LOCALITIES  WHERE  SIMILAR 
E0CK8  OCCUR. 

Bowmanston  is  situate  on  a  plateau  of  coral-rook,  the  hous 
being  nt  an  altitude  of  620  feet  above  the  sea.  Many  years  ago  a 
shaft  was  sunk  here  to  reach  water,  and  at  a  depth  of  about  260 
feet  the  sinking  dropped  through  the  roof  of  an  underground  water- 
course, in  which  the  average  water-level  is  860  feet  above  the  sea, 
or  280  feet  from  the  surface. 

The  lower  portion  of  this  shaft  and  the  cavern  int^  which  it  opens 
have  been  examined  by  us  on  several  occasions,  and  a  number  of 
rock-samples  obtained.  The  lower  part  of  the  cavern  is  cut  through 
an  ochreous-yellow  Olohigeinna-maxl  much  resembling  that  which 
occurs  on  Bissex  Hill ;  above  this  there  is  a  &Zo6i^m7kz-limestone 
forming  a  fairly  hard  rock,  containing  included  fragments  of  chalk 
and  of  indurated  radiolarian  earth  derived  from  the  Oceanic  Series. 
This  rock  is  similar  to  the  limestone  that  occurs  near  the  summit  of 
Bissex  Hill,  and  on  ascending  the  sides  of  the  cavern  it  is  found  to 
pass  into  a  limestone  which  is  destitute  of  Qlobigerina^  but  contains 
a  great  number  of  AmphisteginaSy  together  with  some  Bigenerinos^ 
Nodosarice,  TeocUdarioiy  and  other  foraminifera.  The  calcareous 
alga  LithotJiamnium  and  fragments  of  echinoderms  are  frequently 
present.  The  same  Amphistegina-limQstoue  occurs  at  the  bottom  of 
the  shaft,  and  continues  upward  for  10  or  12  feet,  but  at  a  level  of 
about  410  feet  above  the  sea  it  gradually  passes  into  true  coral- 
rock. 

The  sequence  of  rocks  below  Bowmanston  therefore  coincides 
with,  and  confirms,  that  observed  on  and  near  Bissex  HiU.  There  is 
no  means  of  ascertaining  how  much  Globigeriiui-marl  lies  below  the 
floor  of  the  cavern,  but  its  existence  there  is  sufficient  to  show  that 
the  outlier  of  Bissex  Hill  is  part  of  a  formation  which  had  a  con- 
siderable extension. 

Many  borings  have  been  made  through  the  coral-rock  capping  of 
the  island,  and  these  show  that  between  the  Oceanic  or  the  Scotland 
Beds  and  the  basal  reef-rock  there  is  generally  a  foraminiferal  mud. 
This  mud  sometimes  contains  a  very  few  thick-tested  Glohvgerinas^ 
similar  to  those  of  Bissex  Hill,  and  inclusions  of  the  Oceanic  Beds 
and  of  clays  possibly  derived  from  the  Scotland  Beds  are  not  ul- 
common.  Thick-tested  Olohigerince  occur  very  sparingly  also  in  lime ; 
stones  obtained  from  the  bottom  of  shafts  sunk  through  the  coral  at 
Plumtree  Gully,  on  Farmer's  Estate,  at  levels  of  684,  693,  and  706 
feet,  and  also  in  the  earth  from  an  underground  cave  at  Rock 
Dundo  at  a  level  of  262  feet.  The  drst  three  of  these  are  coral-reef 
rocks  containing  abundant  Amphistegince  and  a  great  variety  of 
other  organisms,  including  many  echinoderm -fragments.  They  also 
show  the  presence  of  LithotJiamnium  in  considerable  quantity,  while 
fair-sized  inclusions  from  the  rocks  of  the  Oceanic  Series  are  common. 
The  earth  from  Kock  Dundo  is  soft,  and  contains  inclusions  of 
comminuted  radiolaria. 
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V.  CoifCLVSIOKS. 

The  preservation  of  the  OQtlier  on  Bissex  Hill  is  partly  due  to 
the  faults  which  have  let  it  down  into  a  trough  of  the  older  rocks. 
It  can  hardly  be  doubted  that  the  marls  once  had  a  much  greater 
extension  over  what  is  known  as  the  Scotland  district,  and  the 

Fig.  3. — Comparative  views  of  the  succession  on  Bissex  HIU  and 
Mount  Hillahy. 
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[Scale:  100  feet  =  1  inch.] 

frequent  occurrence  of  pebbles  and  large  lumps  of  the  foraminif eral 
limestone  in  the  alluvial  gravels  of  the  districts  north  and  north- 
west of  Bissex  Hill  is  some  evidence  of  such  former  extension. 
We  should  not  be  surprised   if   careful  search  disclosed    the 

^  See  Quart.  Joum.  Geol.  Soc  vol.  xlviii  (1892)  p.  210. 
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existence  of  OloUgerina-maxl  beneath  the  coral-rock  escarpment 
east  of  St.  Joseph's  Church  and  below  Binfield,  for  that  locality 
is  only  IJ  mile  from  Bissex  Hill,  and  would  be  traversed  by  a  line 
drawn  from  that  hill  to  Bowmanston. 

Indications  of  the  former  existence  of  G^t^mna-beds  below  the 
coral-rook  of  the  western  slopes  have  also  been  noticed ;  but  the 
absence  of  any  trace  of  such  beds  on  Mount  Hillaby,  at  Ghimborazo, 
and  at  Castle  Grant  is  worthy  of  remark,  for  these  places  are  on  the 
highest  part  of  the  island  (1000  to  1100  feet),  and  are  localities 
where  the  highest  known  members  of  the  Oceanic  Series  occur. 

If  the  Globigerina-m&rh  were  ever  deposited  over  the  whole 
island,  it  is  clear  that  they  must  have  been  removed  from  its 
highest  parts  before  the  growth  of  the  earliest  coral-reefs.  It  is 
more  probable,  however,  that  they  never  were  accumulated  over 
the  highest  levels,  and  that  these  levels  were  exposed  to  current- 
erosion  while  deposition  was  in  progress  over  the  Bissex  Hill  area. 
At  any  rate,  the  facts  may  be  explained  on  the  supposition  that  there 
was  a  time  in  the  elevation  of  the  region,  and  before  any  part  of  it 
became  an  island,  when  the  central  part  of  the  uplift  came  within 
the  influence  of  a  current  strong  enough  to  prevent  deposition  and 
to  cause  some  erosion  of  the  soft  Oceanic  Beds  which  then  formed 
the  surface  of  the  rising  dome  or  ridge.  Small  lumps  of  these  beds 
became  sufficiently  indurated  on  the  sea-floor  to  be  eventually 
rolled  down  the  outer  slopes  and  embedded  in  the  dense  accumu- 
lation of  foraminifera  which  was  being  formed  round  its  borders. 

The  sequence  of  the  beds  on  Bissex  HiU  shows  that  after  a  time 
the  introduction  of  such  detritus  became  less  frequent,  and  that  a 
nearly  pure  Olohigerina-mATl  was  formed.  Later  again  the  eleva- 
tory  movement  was  renewed,  and  the  depth  of  the  water  diminished 
more  and  more;  molluscs,  echinoderms,  and  other  creatures  con- 
tributed their  debris  to  the  deposit,  and  currents  once  more  rolled 
along  small  pebbles  and  fragments  of  the  older  rocks. 

Ultimately  the  central  dome  came  within  the  limits  of  coral- 
growth,  and  an  island  was  formed,  the  size  of  which  was  con- 
tinually increased,  partly  by  successive  elevations,  partly  by  the 
outward  growth  of  the  foraminiferal  and  coral-debris  deposits, 
this  process  of  building-up  being  indicated  both  at  Bissex  Hill  and  at 
Bowmanston  by  the  sequence  of  Amphistegina-Tock,  basal  reef-rock, 
and  finally  rock  full  of  corals. 

[The  facts  recorded  in  the  foregoing  pages  show  that  the  Gflobt- 
gerinar-jaaxlB  must  be  dissociated  from  the  Oceanic  Series  and  united 
with  the  Coral-reef  Series. 

Dr.  Gregory  considers  that  the  coral-reefs  were  not  all  formed  in 
the  late  Pleistocene  period,  but  represent  a  considerable  lapse  of 
time.  He  regards  the  higher  reefs  as  probably  of  early  Pleistocene, 
possibly  of  late  Pliocene  age.^  Prof.  Heilprin  also  has  shown  that 
in  Yucatan  there  is  an  associated  series  of  Pliocene  and  Pleistocene 
limestones.' 

»  Quart.  Joum.  Ghol.  Soc.  vol.  li  (1895)  p.  297. 
>  Proc.  Aoad.  Nat  Sci.  Philad.  1891,  p.  141. 
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We  agree,  therefore,  with  the  opinions  already  expressed  by 
Dr.  Gregory  and  Mr.  Jukes-Browne  as  to  the  relative  ages  of  the 
Barbadian  rocks,  namely  : — 

^  Low-leTel  Reefs. 


PlIIBTOCBHE  AlTD 

Pliockhb. 


High-level  Reed. 
Globigerina^xnB,T\». 
Break. 


Miocnrs  Oceanic  Seriei. 

Break. 

EocsNE  or  Olioocbhb  ...    Scotland  Beda.— July,  1898.] 

An  Appendix  on  the  foraminifera  which  are  present  in  the 
GflohigeriTia-marl  and  limestone  and  in  the  basal  reef-rocks  has  been 
very  kindly  supplied  by  Mr.  F.  Chapman.  Our  thanks  are  dae  to 
him  and  to  Dr.  J.  W.  Gregory  for  Uie  interest  taken  and  assistance 
afforded  during  the  progress  of  this  work.  We  are  also  greatly 
indebted  to  Mr.  Jukes-Browne  for  the  many  suggestionB  given  to 
ns,  and  for  his  help  in  preparing  this  paper  for  the  press. 


VI.  Appendix  on  thb  FoRAMiNiFERii /rom  Bissex  Hill  and 
BowMANSTOjr.    By  F.  Chapmait,  Esq.,  A.L.S.,  F.B..M.8. 

Two  years  ago  I  received  from  Mr.  G.  F.  Franks  a  large  number  of 
rock-specimens  which  he  had  collected  from  the  G^^mna-marls 
and  overlying  limestones  on  Bissex  Hill,  and  at  his  request  I  under- 
took to  investigate  them  for  foraminifera. 

The  samples  submitted  were  of  small  size,  weighing  from  1^  to 
3  oz.,  and  from  these  a  fairly  representative  series  was  chosen, 
consisting  of  eight  rock-specimens.  One  of  the  samples  examined 
and  reported  on  by  the  late  Dr.  H.  B.  Brady'  (that  labelled 
*  Eotten  Earth,  Bissex  Hill ')  corresponds  with  the  specimens  which 
are  now  described. 

The  specimens  that  I  have  selected  are  friable ;  they  can  be  broken 
down  and  washed  without  much  difficulty ;  and,  generally  speaking, 
they  yield  about  60  per  cent,  of  pure  foraminifera,  of  which 
OlobigeriruB  form  the  greater  part.  Here  and  there  the  tests  are 
encrusted  with  calcareous  matrix,  or  remain  cemented  together, 
but  many  very  perfect  and  finely-developed  specimens  of  the  various 
forms  enumerated  were  selected  from  the  washings. 

It  will  be  seen  from  the  subjoined  list  (p.  553)  that  all  the  species 
recorded  by  Dr.  Brady  from  Bissex  Hill  have  again  occurred  in  the 
samples  now  described. 

.  Since  the  present  study  has  resulted  in  the  discovery  of  additional 
species  of  foraminifera,  we  are  now  in  a  better  position  to  form 
some  idea  of  the  geological  age  of  the  Bissex  Hill  G^6t^miui-marl8. 

^  Qoart.  Joum.  Qeol.  See.  toI.  xlviii  (1892)  pp.  195-199. 
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The  previously-pablished  list  of  Bissex  Hill  foraminifera  (OloU- 
gerina-meLTl)  contained  32  species :  this  number  is  now  increased 
to  120.  From  the  combined  lists  of  foraminifera  here  given,  as 
many  as  15  are  to  be  found  only  in  fossiliferous  strata  ranging  from 
the  Cretaceous  to  the  Pliocene,    These  older  forms  are : — 

NodoHLvia  {DentcUina)  spinuiosa  (Montagu).    Eocene. 

„        (D.)  acuUata,  d*Orb.    Cretaceous-Miocene. 

,,        (2>.i  elegans,  d*Orb.    Eocene  &  Miocene. 

„        (2>.)  Vemeuili,  d'Orb.    Miocene. 

„        {D.S  Boueana,  d'Orb.^    Miocene. 

„        (2>.)  pauperctUa^  Beuas.    Cretaceous. 

„        Umffitcata,  d'Orb.    Eocene-Pliocene. 

,,        {Psecadium)  simplex^  ^'eugeb.    Miocene. 
lAiufulina  eostata,  d'Orb.    Miocene  &  Older  Pliocene. 
OruteUaria  excisa,  Bomem.    Oligocene. 

„  inomata,  d'Orb.    Eocene  k  Miocene. 

„  diseoidaUs,  Costa.    Pliocene. 

„  Clericiit  Fomasini    Pliocene. 

,,  Josephiruif  d'Orb.    Miocene. 

Trunatiulina  kaUmbergentia  (d'Orb.).    Miocene. 

It  is  plain,  from  the  foregoing  list,  that  the  Miocene  and  Older 
Pliocene  species  (and  especially  the  former)  are  strongly  in  evidence 
in  the  Bissex  Hill  OlohigennaAie^j  and  even  in  the  basal  reef- 
rock,  and  this  is  the  more  marked  since  some  of  these  forms  are 
very  common,  such  as  Lingulina  eostata  and  TruncatuUna  Icalem- 
hergensis.  Many  of  the  forms  known  as  recent,  which  are  found  at 
Bissex  Hill,  are  also  well-known  Miocene  and  Older  Pliocene 
species. 

The  limestones  and  marls  of  Malta  in  some  respects  resemble  the 
Olobigerina-bedB  of  Bissex  Hill.  On  lookbg  through  the  lists  of 
foraminifera  from  the  Malta  deposits  given  by  Sir  John  Murray,* 
we  notice  that  the  foraminifera  of  the  Blue  Clays  and  Marls  (classed 
as  Miocene  by  Fuchs)  appear  to  present  the  most  strikiDg  analogy 
with  the  facies  obtained  from  the  Bissex  Hill  beds,  while  the 
(?2o6^mna-limestone  of  Malta  differs  somewhat  materially. 

The  rich  foraminiferal  fauna  of  the  Globigmna-heds  of  Naparima, 
Trinidad,  as  recorded  by  Mr.  R.  J.  L.  Guppy,'  and  classed  by  him 
as  Eocene,  also  bears  a  close  resemblance  to  the  facies  of  the  Bissex 
Hill  beds,  but  before  a  complete  comparison  can  be  made  the 
foraminifera  of  the  latter  deposits  must  be  worked  out  in  further 
detail. 

The  species  of  Olobigerina  found  in  the  marls  are  perhaps  all 
comparable  with  known  recent  forms,  but  generally  speaking  they 
have  tests  of  abnormal  thickness,  which  call  to  mind  certain  speci- 
mens that  I  have  seen  occurring  in  cherty  pebbles  of  Eocene  age  in 
the  Nile  Delta-deposits. 

'  Not  to  be  confounded  witb  the  Kodotaria  Boueana  of  d'Orbigny. 
«  Scot  Geogr.  Mag.  toI.  vi  (1890)  pp.  449-488. 

<  Quart  Journ.  Geol.  Soc.  vol.  xlriii  (1892)  pp.  588,  534;  alM  Journ. 
Trinidad  Field-Nat  Olub,  toI.  i  (1893)  no.  zi. 
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The  depth  at  which  the  Globigerina-msrh  (samples  II-VII)  were 
laid  down  was  judged  by  tlie  late  Dr.  H.  B.  Brady  to  be  about 
1000  fathoms.  Prom  the  evidence  now  before  me  I  have  made 
calculations,  based  on  the  occurrence  of  recent  forms,  and  it  is 
satisfactory  to  know  that  these  conclusions  coincide  exactly  with 
those  of  Dr.  Brady.  The  great  proportion  of  Olobigerincg  in  the  rock 
points  undoubtedly  to  the  fact  that  the  deposit  was  formed  at  some 
distance  from  the  land.  The  marl  is  not,  however,  entirely  free  from 
terrigenous  material,  and  a  beautifully  perfect,  doubly-terminated 
quartz-crystal  occurred  in  one  sample. 

The  material  kindly  supplied  to  me  by  Mr.  Franks  has  been 
subjected  only  to  a  preliminary  examination  in  view  of  the  present 
report,  owing  to  pressure  of  other  work,  and  I  am  indebted  to 
Prof.  Judd  for  the  facilities  afforded  at  the  Royal  College  of  Science 
for  working  out  a  part  of  these  results. 

There  are  seversd  species  of  the  foraminifera  which  appear  to  be 
new,  as  well  as  four  or  five  examples  of  the  ostracoda,  and  with 
these  I  hope  to  deal  at  some  future  time,  as  opportunity  permits. 

The  following  are  the  details  of  the  samples  examined,  the 
numbers  of  which  will  be  found  at  the  head  of  the  columns  in  the 
Table:— 

L 

'  Basal  Coral-reef  rock,  below  coral.  N.N.E.  spur.  Spec.  14. 
July  1893.    Bissexffill.^ 

II. 

'  Olohigerina-mdjcl,  N.N.E.  spur,  end  towards  sea.  Spec.  22, 
July  1893.     BiRsex  Hill.' 

III. 

^  Olobigerina-m&TU  964  feet  above  sea,  N.E.  Spec.  21,  22, 
Jan.  1893.     Bissex  Hill.' 

IV. 

'  Olohigerina-marl^  937  feet  above  sea,  W.S.W.  face.  Spec  14. 
Jan.  1893.    Bissex  Hill.' 

V. 

*'  Olohigerina-m3.Tl,  884  feet  above  sea,  southern  face.  Spec.  3. 
Jan.  1893.     Bissex  Hill.' 

VL 

*  Olohigerina-mail,  ?  720  feet  above  sea,  eastern  spur-  Spec.  12. 
Jan.  1893.     Bissex  Hill.' 

vn. 

*  Ghhtgerina-mBLTl,  375  feet  above  sea.  Spec.  2.  August  1892. 
Bowmanston  Shaft.' 

vin. 

'Brown  Clay  in  bands  and  pockets.  Spec.  D.  Bowmanston 
Shaft.'     (Presumably  of  later  date  than  the  examples  II-VII.) 
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No. 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

26 
26 
27 
28 

29 
30 
31 
32 
33 
34 
36 
36 
37 
38 

39 
40 
41 
42 

43 
44 
46 
46 
47 
48 
49 
60 
61 
62 
63 

Species. 

I 

n 

III 

IV 

V 

VI 

VII 

vni 

Spiroloculina  limbataj  d'Orb 

MUiolina  venusta  (Karrer) 

„         trigonuia  (lAm,) 

SifftnoUina  tenuis  (Ct^z/sk)   

Ophthalmidium  inconstatu,  Brady 

Beophax  nodulosa,  Brndj    

HapUmhragmium  agglutinans  (d*Orb.) . 
Textularia  sagittulaj  Defranoe    

* 

* 
* 

# 

# 
# 

# 
* 

# 

# 
# 

* 

# 
* 
# 

# 

# 
* 

# 
# 

# 
* 

# 
# 

# 
# 

* 
# 

* 
# 

» 

» 

* 

* 
# 

* 

# 

» 
# 

• 

» 

* 

# 

* 
# 

# 

* 
# 

* 
# 
# 

# 

# 

* 
* 

# 

* 

# 
# 

* 

* 
» 

# 

* 

# 
# 
* 
# 

* 

• 

# 
» 

• 
• 

„         trochus/d'Orh 

„         <«m«,  d*Orb 

tj         ^rafft^,  d  Orb. 

Spiroplecta  sagUttUa  (Defr.) 

Vemeuilina  triquetta  (Miinst.)    

,,           spintUosa,  Bavm  

Triiaxia  tricarinata,  Beuss 

Bigenerina  capreolus  (d*Orb.) 

Gaudryina  pujxfides^  d'Orb.    

BfUimina  affinis^  d'Orb 

eleaans.d*Orh 

„         Mtbomaia,  Brady    

,,         Buchiana,  d'Orh 

* 

» 
* 
* 
« 

• 

# 
* 
* 

* 

* 

# 
• 
• 

* 

,.        robusta,  Undv 

„        Beyrichi,   Beuss,  var.    aUUa. 
Seguenza    

Pleurostomdla  rcma,  Qvimbei  

„             attemans,  Schwager    ... 
„            ^u^Ttocioffa,  Beuss 

„                   „        Tar.  attenuata, 

Brady  MS. 

Casaidulina  siAglobosa,  Brady     

„          hsvigata,  d'Orb 

„          crassat  d'Orb 

Ekrenbergina  serraiat  Baum    

Laoena  usvis  fMontafiru) 

„        apiculcUa,  Beuas 

„       sulcata  {W.k  J.)    

„       hispidaf  "Reusa 

„        striatopunctaia,  P.  &  J 

Nodosaria     {(jlanduUna)     abbreviaia, 
Neugeb 

Nodosaria  {Dentalina)  Adolphina,  d'Orb. 
„        (A)  Boueana,  d'Orb 

„        {B.)  consobrina 

(2>.)        „         var.  emaeiaia, 
BeuBs  

(D.)plebeia,-Reu»n  

„        (D.)  spmulosa  (UoniAga)    ... 
„        lD.)fiHformis,  d'Orb 

„        {D.)  aculeata,  d'Orb 

„        (2>.)  elegans,  d'Orb 

„        (J>.)  Vemeuili,  d'Orb 

„        (B.)  communis,  d'Orb 

(B,)  farcimen.  Reuse  

„        (B.)  oblioua  (Linn.)     

„        (/>.)  soluta,  Eeufls    

(B.)  pauperata,  d'Orb 
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No. 
54 

Species. 

I 

n 

m 

IV 

V 

VI 

vn 

vm 

Noda8aria{D.)paiq)erctiia,'Reum    

* 

55 

(/).)  intercdlularia,  Brady  ... 

... 

... 

... 

# 

56 

„        raphanua  {JAiiix.) 

# 

# 

1^ 

57 

„        pyrula,  d'Orb 

K 

^ 

... 

58 

„        raphanUirum  (linn.)  

# 

59 

„        radicula  (Linn.)  

... 

... 

... 

♦ 

60 

„              „        var.  amhiffua,  Neu- 
geb 

♦ 

61 

„        lon^^ata,  d*Orh 

K 

... 

K 

... 

62 

„        vertebralis  CBaltBch)  

1^ 

^ 

63 

„        hispida,  d*Orb.     

]|( 

... 

fi 

... 

... 

... 

^ 

64 

„             .,      var.  sMineata,  Brady 

* 

* 

... 

65 

„        verruculosat  Neugeb 

fi 

fi 

^ 

^ 

66 

«co&rM  (Batech)   

# 

67 

„        camata  {B&tBch)    

... 

... 

♦ 

68 

„        {Psecadium)    simplex,    Neu- 
geb  

^ 

69 
70 

lAngulina  coitata,  d'Olrb 

« 

... 

# 
# 

» 

# 

... 

» 

« 

Frondicularia  AfWettii,  Brady    

71 

RKabdogonium  iricarinatum  (d*Orb.) ... 

» 

» 

* 

* 

72 

„ 

1^ 

73 

„            costcUa  (Bat«ch) 

^ 

... 

... 

K 

74 

CristeUaria  crepidula  (F.  &  M.) 

^ 

... 

... 

75 

„           triangularis,  d'Orb 

• 

76 

„           cuUrata  (Montfort) 

f^ 

^ 

„ 

77 
78 

„           excisa,  Bomem 

* 

... 

... 

*" 

* 

■    w 

« 

„           calcar  (Linn.)  

79 

„           acuUata,  d'Orb.    

« 

... 

... 

# 

It 

80 

„           tenuis,  Bomem 

# 

# 

81 

„           aeutauricularis  (F.  &  M.)  . 

# 

82 

„           rotulata  (Lam.^    

„           inomata,  d'Orb.  

... 

# 

# 

* 

83 

# 

84 

„           discoidalis,  Costa 

* 

85 

„           tricarineila,  Keuss    

« 

86 

,1          fragraria,  GHimbel  ^     

* 

87 

„           Cleridi,  Fornasini  

« 

88 

wr^(F.  &M.) 

# 

• 

89 

papulosa  (¥,&U,). ,.„..,. 

» 

♦ 

90 

... 

« 

91 

cassis  (F.&M.)    

# 

92 

„           mamilligera,  Karrer    

« 

93 

„           orbicularis,  d'Orb 

* 

94 

^6a,  d'Orb 

... 

.\\ 

..* 

«- 

95 

Polymorphinalaciea(W.kJ.)  

„            compressa,  d'Ofh 

... 

!!! 

# 

... 

* 

96 

... 

# 

» 

97 

„            communis,  d'Orb 

» 

98 
99 

Uvigerina  angvXosa,  Williamaon     

VUQrtMBa,  d'Orb 

* 

... 

« 

« 

» 

# 

* 

100 

„         asperula,  Czjzek  , 

101 
102 

„         tmuisiriata,  Keuss      

* 
* 

... 

♦ 

... 

... 

# 

# 

« 

Sagrina  raphanus,  P.  &,  J.  

103 

viraula  Bradv   

104 

„       nodosa  (P,k  J.) 

» 

... 

... 

... 

... 

» 

>  Kecorded  under  the  name  of  CristeUaria  Wetherellii,  Jones,  by  H.  B.  Brady. 
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No. 

Species. 

1 

II 

in 

IV 

V 

VI 

vn 

VIII 

105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 

121 
122 
123 
12i 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 

Sa^^rina  $(riaiii^  SchwtLger  

» 
* 

• 
# 

* 

* 
* 
# 
# 
# 
* 
# 
# 
* 

# 

# 
# 

* 

# 

# 
# 

* 
* 
# 
# 

* 
# 

# 

# 

# 
» 

ft 
ft 
ft 

ft 
ft 

♦ 
ft 

ft 

• 

ft 
ft 

ft 
•■• 

ft 

* 

* 
ft 

* 

ft 
ft 
ft 

ft 

ft 
ft 

ft 

•  •• 

ft 

ft 
ft 

ft 

ft 
ft 

ft 

ft 
ft 
ft 

•  •• 

ft 
* 

ft 

ft 
ft 

ft 
ft 

ft 
ft 
♦ 
ft 
ft 
ft 
ft 
ft 
ft 

♦ 

ft 

ft 
ft 

ft 

ft 
ft 
ft 

ft 

ft 
ft 
ft 
ft 

ft 
ft 

ft 

ft 
ft 

« 

Ramulina  aciUeatay  Wright     

Globigerina  congiobata,  Brady     

„          Duterfreit  d'Orh,  

„          pachtfderma  (Ehr.)    

fc/foVcfc*,  d'Orb 

„                „       yar.  triloba^  Beuse 

„          rtt&fV7,  d'Orb 

„          <BquiIaferali8,  Brady 

PuUenia  quingueloha^  Reiiss    

Spharoidina  huUoides,  d'Orb 

DiscorbincL  Tuqouit  d'Orb 

„          oraticana  (d'Orb.)  

„           biconcava,  P.  &  J 

Truncatidina  lobatula  {Vf .  kS.)    

„                „         Tar.    variabilis, 
d*Orb 

..           reticulata  (Ci\ts^L\ 

„           culter.'P.  &  J 

„           Wuellerstorfi  (Schwager) . 
„           kalembergensis  (d'Orb.) . . . 

„           tenuimargo,  Brady    

„           Ungeriana  (6!0ThJ)    

„          Haidingerii,  d'Orb 

1,          prtBciucta,  Earrer  

„          refulgens  (Montf ort) 

„          ^-nmana  (d'Orb.)    

„          tenetJ.'BnAj 

Anomalina  grosserugosa  (Giimbel) 

„         ammonmdes  (Keuss) 

„         ariminensis  (d'Orb.) 

Carpenteria  monticularis,  Carter     

Pulvinulina  vauverata  TP.  &  J.^ 

„          canariensis  (d'Orb.) 

Hauerii  {d*Orb,)  

„          patagonica  (d'Orb.) 

„           tumida.Bmdy 

„           Micheliniana  (d'Orb.) 

Rotalia  Schreiberm,  d'Orb.      

„       Soldanii,  d'Orh 

„            „         Tar.  nitida^  Beuse   ... 

Nanionina  pompilioides  (F.  &  M.)  

Amphistegina  Lessonii,  d'Orb.     

Disoirssioir, 

Mr.  Chapmak  drew  attention  to  the  oocurrence  in  the  Olohigerina- 
marls  of  the  comparatively  large  number  of  foraminifera  which  are 
apparently  unknown  to  us  from  recent  deposits,  but  which  occur  in 
strata  of  Cretaceous,  Eocene,  Oligocene,  Miocene,  and  Older  Pliocene 
ages.  He  also  pointed  out  that  the  evidence  for  the  bathymetrical 
limit  of  the  deposit  is  in  favour  of  a  depth  not  much  less  than 
1000  fathoms. 
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34:,  On  a  Yolcanig  Sebies  in  the  Malybbit  Hills,  near  the 
Hebbfobosuibb  Beacon.  By  H.  D.  Aclakb,  fisq.^  E.G.S. 
(Read  May  18th,  1898.) 

The  rocks  of  the  Malvern  Hills  have  afforded  scope  for  much  study 
and  discussion.  Dr.  HoU,  Mr.  Eutley,  and  Dr.  Callaway  have 
elaborated  papers  on  them.  Mr.  Eutley's  relates  mainly  to  the 
general  character  of  the  rocks ;  while  Dr.  Callaway  devotes  himself 
to  an  enquiry  into  the  genesis  of  the  crystalline  schists,  and  the 
production  of  secondary  minerals  in  shear-zones. 

I  propose  to  deal  with  a  small  area  of  the  hills  and  describe 
some  of  the  rocks  to  be  found  there.  The  district  lies  east  and 
south-east  of  the  Herefordshire  Beacon,  which  has  three  spurs. 
The  northernmost  is  Tinker's  Hill,  south  of  that  comes  Broad  Down, 
and  south  of  that  again  Hangman's  Hill.  The  latter  is,  in  its  turn, 
bounded  on  the  south  by  the  '  Silurian  Pass,'  so  named  in  the 
Geological  Survey  memoir  by  the  late  Prof.  Phillips.*  The  Beacon 
Hill  itself  is  of  the  same  character  as  the  main  axis  of  the  hills. 

Prof.  Phillips  called  attention  to  these  rocks,  and  remarked  that 
they  *  appear  partly  in  lines  like  dykes.'  Dr.  HoU  also  mentioned 
them,  and  considered  them  to  be  sandstone  altered  by  the 
intrusion  of  trap-dykes.  He  noticed  that  some  of  the  dykes  contain  a 
large  proportion  of  augite.*  In  a  note  to  p.  100  (op.  ciU)  Dr.  Holl 
says  that  fragments  of  these  rocks  are  found  in  the  Gullet  Wood 
conglomerate.  This  statement  requires  investigation,  as  it  might 
form  a  clue  to  the  age  of  the  series. 

Dr.  Callaway  has  expressed  the  opinion  that  these  rocks  constitute 
a  second  pre-Cambrian  group,  and  that  they  are  of  Pebidian  age.* 
Mr.  Rutley  devoted  a  considerable  space  to  them.  He  subjected 
them  to  careful  microscopical  analysis,  and  came  to  the  conclu- 
sion that  some  are  anorthite-basalt  and  others  devitrified  obsidian.* 

Prof.  A.  H.  Green  described  more  minutely  than  previous 
writers  the  various  rocks  in  this  area.*  It  is  scarcely  with  the 
hope  that  I  may  be  able  to  add  anything  to  his  observations  that  I 
offer  the  following  remarks ;  but,  living  as  I  do  in  the  neighbourhood 
of  this  interesting  series  of  rocks,  having  paid  many  visits  extending 
over  several  years  to  them,  and  having  commenced  these  notes  some 
considerable  time  before  the  publication  of  his  paper,  I  venture  with 
all  diffidence  to  place  on  record  some  of  the  results  of  my  work. 

The  rocks  of  this  area  are  tuffs,  felsites,  andesites,  and  basalts  or 
dolerites. 

The  felsites  are  very  persistent  in  their  character :  they  have 

»  Geol.  Surv.  Mem.  vol.  ii  (1848)  pt.  i,  p.  29. 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxi  (1865)  pp.  93  &  100. 
8  Ibid,  vol.  ixxvi  (1880)  pp.  636  &  537. 

*  Rid.  Tol.  xUii  (1887)  pp.' 497-499. 
»  Ibid,  voL  U  (1895)  pp.  1-8. 
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a  cryptocrystalline  matrix,  which  in  ordinary  light  is  flecked  over 
with  probably  an  incipient  development  of  epidote.  I  shall  refer 
again  to  this  occnrrence  later  on.  In  some  cases,  as  Mr.  Rutley  has 
already  pointed  out,  there  is  perhaps  in  the  arrangement  of  the  flecks 
evidence  of  an  originally  perlitic  structure.*  Some  specimens  are 
more  glassy  in  habit,  and  may  be  called  devitrified  obsidian. 

The  more  basic  rocks  to  which  I  refer  under  the  name  of  ande- 
s  it  e  s  vary  rather  more,  chiefly  in  respect  of  the  presence  or  absence 
of  a  ferromagnesian  constituent  and  of  porphyritic  felspars.  In 
some  cases  the  slide  shows  little  but  lath-e^ped  felspars. 

The  excavations  that  were  necessary  for  the  new  Reservoir  were 
looked  forward  to  in  the  hope  that  some  further  light  might  be 
thrown  on  this  group.  They  were  made  in  the  *  combe '  lying 
between  Tinker's  Hill  and  Broad  Down,  and  I  drew  attention 
to  them  in  GeoL  Mag.  1894,  p.  48.  The  puddle-trench  for  the 
embankment  was  cut  in  a  very  much  shattered  rock,  in  which 
there  was  so  much  calcite  that  at  first  it  was  supposed  to  be 
ArchfiBan  limestone.  Under  the  microscope,  however,  it  is  very 
evident  that  the  calcite  is  secondary  and  infiltrated  (28),'^ 

It  was  not,  however,  until  the  sides  of  the  combe  were  cut  into 
that  any  distinct  signs  of  bedding  could  be  made  out,  and  as  the  work 
progressed  they  were  gradually  revealed.  The  strike  is  nearly 
north-and-south,  the  dip  from  40^  east  to  nearly  vertical  at  the 
puddle-trench.  Unfortunately  the  excavations  were  not  carried  far 
enough  west  to  uncover  the  junction  between  this  series  of  rocks  and 
the  crystalline  main  axis  of  the  Malvern  Hills. 

The  bed  that  lay  undermost,  so  far  as  seen,  was  of  bluish-grey  clay. 
This  appears  to  be  derived  from  the  decomposition  of  a  felsite, 
as  the  solid  fragments  show  under  the  microscope  all  the  charac- 
teristics of  that  class  of  rock  (242).  Above  this  is  a  green 
rock  (203),  which  is  considerably  decomposed,  and  there  is 
infiltration  of  calcite ;  but  it  agrees  very  well  with  Mr.  Rutley's 
description  of  the  basalt  at  the  back  of  Clutter's  Cave  and  with 
my  slices  of  the  rocks  there.  The  felspars  are  lath-shaped ;  the 
ferromagnesian  constituent  is  much  altered. 

Above  this  is  a  red  rock  (202).  The  slices  show  that  it  is  a  fine- 
grained tuff.  Eastward  and  above  this  is  a  green  rock  (168).  On 
each  side  of  the  Reservoir  appeared  a  very  distinct  bed  of  black  clay. 
The  microscopic  section  of  the  rock  shows  that  it  is  a  basalt. 
There  is  a  large  development  of  chlorite  replacing  augite. 

During  the  excavation  it  was  interesting  to  note  two  conspicuous 
rocks,  one  green  (168),  and  the  other  red  (117  a,  170),  side  by  side. 
The  latter  belongs  to  the  bed  next  above.  This  bed  is  at  the 
bottom  a  fine-grained  tuff,  and  has  almost  the  appearance  of  having 
been  sorted  by  or  deposited  in  water.  Higher  in  this  bed  is  a 
coarse-grained  tuff  (210,  244,  260).     There  are  in  it  fine  felspar- 


»  Quart.  Joum.  Geol.  Soc.  voL  ;:liii  (1887)  p.  499. 

>  The  numben  iu  parentheses  ivfer  to  the  slides  in  my  cabinet. 
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Fig.  1. — Sketch-map  of  the  Herefordshire  Beaton  cmd  ite  immediate 
surroundinge. 
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crystals  and  fragments  of  basic  rock.  A  remarkable  feature  of  this 
tuff  is  that  the  matrix  is  isotropic. 

Next  to  the  eastward  is  a  fine-grained  rock,  very  much  shattered, 
and  having  its  cracks  filled  up  with  calcite.  In  some  places  there 
is  a  high  percentage  of  carbonate  of  lime  (in  one  instance  38'57 
per  cent.,  and  in  another  56  per  cent.).  The  rock  is,  however, 
undoubtedly  a  felsite,  and  at  some  points  (that  is,  around  the  filter- 
beds)  is  of  so  glassy  a  nature  as  evidently  to  be  a  devitrified 
obsidian  (48,  49,  205).  The  dip  at  this  point  becomes  nearly 
vertical.  This  type  of  rock  is  constantly  repeated  with  more  or  less 
calcite,  generally  less,  the  farther  east  the  specimens  are  obtained. 

A  fine-grained  dyke  (176)  cuts  across  the  southern  end  of  this 
series  of  rocks,  striking  a  little  south  of  west.  It  is  very  similar 
in  appearance  to  an  el  van,  and  can  be  found  again  some  way  up 
the  flank  of  Broad  Down. 

We  now  come  to  Tinker's  Hill.  There  appears  to  have  been 
much  less  disturbance  here.  The  rocks  are  sounder,  there  is  less 
calcite,  and  though  there  are  few  or  no  exposures  on  the  northern 
flank,  there  are  some  very  good  ones  on  the  west,  south,  and  east. 
The  western  side  was  well  scarped  at  the  time  of  making  the  new 
road  past  the  filter-beds.  It  showed  that  the  crushing  and  shat- 
tering of  the  rocks,  so  marked  in  the  Reservoir  rocks,  is  still  a 
conspicuous  feature.  On  this  fiank  was  the  calcareous  nodule 
mentioned  by  Prof.  A.  H.  Green.*  Two  slides  that  I  have  had  cut 
from  this  (111,  113)  entirely  agree  with  his  description,  'decom- 
posed tuff  permeated  by  calcite.'  The  bed  of  wldch  this  is  a 
remainder  extends  no  doubt  farther  north,  as  on  the  scaqied  bank 
the  bed  is  well  exposed,  and  many  fragments  of  more  or  less 
decomposed  tufif  (282)  may  be  found  on  the  small  mound  on  the 
top  of  Tinker's  Hill  along  the  same  strike. 

Eastward  of  this  is  a  bed  of  felsite  (336).  Eastward  of  this 
again,  on  the  side  and  on  the  top  of  the  steep  bank  which  forms 
that  flank  of  Tinker's  Hill,  is  the  vesicular  rock  which  I  had 
the  pleasure  of  pointing  out  to  Prof.  Green.*  My  (sections  112  a 
&  283)  show  that  the  rock  is  vesicular  and  amygdaloidal.  I  cannot 
agree  that  this  is  a  similar  rock  to  the  *  rock  of  Clutter's  Cave,' 
though  it  is  with  great  diffidence  that  I  venture  to  difler  from  so 
high  an  authority  as  the  late  Prof.  Green.  My  sections  of  the 
Clutter's  Cave  rock  (7  a,  155,  160,  161  &  164)  show  much  more 
angite,  one  of  them  (164)  being  quite  a  mosaic  of  that  mineral, 
whereas  the  Tinker's  Hill  rock  (291  a)  has  much  more  the  appear- 
ance of  an  andesite  than  a  basalt.  My  section  283  shows  an 
extremely  curious  structure.  It  is  very  similar  to  another  (180) 
which  comes  from  a  crag  much  farther  south,  but  almost  exactly 
on  the  same  strike.  In  both  sections  are  oval  and  circular  rings 
of  some  isotropic  mineral:  inside  the  rings  is  chalcedony.      The 

^  Qaart  Joam.  Geol.  Soo.  toL  li  (1805)  p.  6. 
•  Op.cit.p,4. 
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origin  of  ihese  rings  appeeirs  to  be  very  obscure,  bat  it  seems  to  me 
that  they  must  arise  from  an  originally  vesicular  structure  in  the 
rock.  li  this  be  so,  as  they  occur  in  an  isotropic  mineral  on  the 
edge  of  an  andesitic  mass,  it  would  show  that  this  may  have  been 
the  original  surface. 

Eastward  of  this  is  a  narrow  bed  of  felsite  about  10  feet  wide 
(292).  Next,  a  bed  ofandesite  (293)  54  feet  wide :  this,  in  one 
place,  has  a  most  distinct  dip  of  45^  to  the  west.  My  slide  shows  a 
good  deal  of  decomposed  felspar  and  of  a  dichroic  mineral,  probably 
an  altered  augite. 

Then  again  comes  a  bed  of  felsite  (295),  followed  by  andesite 
(296),  and  felsite  again  (297).  In  the  last-mentioned  slide  is 
a  curious  doubled-up  thread  which  polarizes  yellow.  The  beds 
alternate  until  no  more  exposures  are  visible.  There  is  a  small  crag 
of  brecciated  dolerite  close  to  the  eastern  boundary.  This 
corresponds  apparently  to  the  rock  on  the  south-east  of  Hangman's 
HiU  to  which  I  refer  later  on.  It  is  not  possible  to  measure  the 
definite  width  of  each  of  these  beds,  but  probably  it  is  not  very 
different  from  that  described  above. 

There  is  one  interesting  rock  on  the  south-eastern  flank  of 
Tinker's  Hill  (289)  which  has  all  the  appearance  of  a  breccia, 
and  at  times  almost  of  a  conglomerate.  This  also  occurs  on  the 
northern  flank  of  Broad  Down  :  it  is  probably  a  crush-breccia. 
The  great  scarcity  of  tuffis  is  remarkable. 

A  little  farther  north  is  an  interesting  crag,  in  which  a  good 
junction  between  the  felsites  and  andesites  is  exposed  (278  & 
279).  In  this  case,  however,  the  strike  varies  from  liiat  ordinarily 
observed,  and  as  seen  here  it  is  N.  30°  W.  There  are  very  few 
exposures  of  any  sort  farther  north  on  Tinker's  Hill. 

It  has  been  my  endeavour  to  trace  these  beds  over  the  area  lying 
to  the  south,  but  the  exposures  are  so  few  that  the  attempt  has  met 
with  little  success  up  to  the  present.  There  are  scattered  crags 
showing  very  much  the  same  class  of  rocks  as  those  in  evidence  at 
Tinker's  Hill.  One  fine  crag  on  the  south-eastern  fiank  of  Hang- 
man's Hill  shows  a  rock  which  is  a  porphyrite,  but  very  near  a 
basalt  (181  &  197).  This  is  very  similar  to  one  (168)  which 
came  from  the  floor  of  the  Eeservoir. 

A  considerable  quarry  was  opened  in  the  north-eastern  flank  of 
Broad  Down  by  the  contractor  for  the  Reservoir-works.  Whether 
the  rock  (194)  is  a  tuff  or  a  *  fluff '  (I  mean  by  this  terra  a  fluxion- 
breccia  in  which  the  apparent  fragments  differ  very  slightly  in 
mineral  character,  and  in  which  there  is  not  the  jumble  of  fiieigments 
usually  seen  in  a  tuff)  is  uncertain.  The  felspars  are  fragmental, 
and  the  matrix  is  amorphous  or  glassy  with  microlites. 

There  are  two  other  rocks  to  which  attention  may  be  called. 
I  was  searching  for  the  junction  of  the  felsites  and  the  andesites  on 
Hangman's  HilJ,  and  found  a  rock  with  a  very  peculiar  microscopical 
structure  (180).  I  have  had  the  advantage  of  showing  it  to  several 
high  authorities  on  the  subject,  and  it  seems  difficult  to  form  a  very 
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definite  opinion.  I  have  already  directed  attention  to  the  eimilarity 
between  this  specimen  and  another  from  Tinker's  Hill  (283)  r 
they  are  practically  on  the  same  strike,  and  I  have  described  yery 
shortly  their  characteristics.  There  is,  however,  a  great  develop- 
ment of  epidote  in  this  specimen,  which  is  interesting  when  I  call 
attention  to  the  other  rock  that  I  wish  to  notice  (179).  This  comes 
also  from  the  southern  flank  of  Hangman's  Hill,  within  a  few  feet 
of  180.  The  rock  is  greenish  grey  with  red  spots,  and  very  hard 
( +  7  in  Mohs's  scale).  Under  the  microscope  it  appears  to  be  a 
highly  altered  felsite.  Mr.  Harker,  in  his  *  Petrology '  (p.  143), 
suggests  that  some  of  the  rocks  from  the  Eeservoir  may  throw  light 
on  the  origin  of  epidosites.  Now  this  rock  appears  to  be  a  true 
epidosite.    The  exposure  is  very  small. 

I  need  hardly  refer  to  the  rocks  in  the  neighbourhood  of  Clutter's 
Cave:  Mr.  Eutley  has  described  them  very  fully.*  What  their 
relation  is  to  those  shown  by  the  Reservoir-excavation  cannot  at 
present  be  determined,  beyond  the  fact  that  a  similar  rock  appears 
in  the  series  there.  They  are  described  by  Mr.  Rutley  as  basalts. 
I  have  failed  to  find  any  of  the  more  acid  rocks  west  of  Clutter's 
Cave. 

From  the  foregoing  pages  it  may  be  inferred  that  a  verj'  interesting 
series  of  rocks  is  to  be  found  in  this  limited  area.  Their  age  is  not 
easy  of  determination :  they  may  be,  as  Dr.  Callaway  has  said  in  his 
paper,'  of  a  very  different  period  from  the  rocks  of  the  main  axis  of 
the  hills.  It  is  evident,  from  the  bosses  of  igneous  rock  that  occur 
farther  south  in  the  Hollybush  Sandstone,  that  some  form  of 
energy  was  being  exerted  at  a  much  later  date  than  the  consolidation 
of  the  Malvern  Hills.  Whether  these  Reservoir  rocks  have  any 
relation  to  a  lost  centre  of  volcanic  activity  in  the  neighbourhood 
must  remain,  for  the  present  at  least,  a  matter  of  conjecture. 

I  desire  in  conclusion  to  make  my  best  acknowledgments  to  the 
late  Prof.  Green,  Prof.  Bonney,  Prof.  T.  McK.  Hughes,  Mr.  Rutley, 
Miss  Raisin,  Dr.  Callaway,  and  Mr.  H.  H.  Arnold -Bemrose,  who 
have  so  kindly  placed  at  my  disposal  the  stores  of  their  greater 
knowledge  and  experience. 

Discussion. 

Dr.  Callawat  called  attention  to  the  resemblance  between  these 
volcanic  rocks  and  the  Uriconian  Series  of  Shropshire,  in  which  all 
the  principal  types  were  represented. 

Prof.  Hughes  thought  that  the  beds  described  by  the  Author 
belonged  to  the  Bangor  Series — that  is,  to  the  volcanic  beds  which 
in  the  Bangor  area  rest  upon  the  massive  rhyolites.  Those  lower 
rhyolites,  which  he  had  distinguished  under  the  name  Dinorwig 
Series,  were  not,  he  thought,  represented  in  the  Malvern  reservoir- 
section.  These  two  series  together  constituted  Dr.  Hicks*8  original 
Pebidian.     The  geological  structure  of  the  district  he  explained  by 

*  Quart.  Joum.  Qeo\.  8oc  vol.  xliii  (1887)  p.  497. 

•  Ibid,  voL  TzxTi  (1880)  p.  636 
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A  syBtem  of  faults  running  through  by  Wind's  Point,  throwing 
down  the  volcanic  series  to  the  east  and  south,  and  causing  the 
advance  of  the  gneissic  series  towards  the  Severn  Valley  in  front  of 
Wind's  Point. 

Prof.  Watts  pointed  out  that  in  the  Lickey  Hills  some  of  the 
rhyolites  and  rhyolitio  ashes  were  so  much  impregnated  with 
carbonate  of  lime  that  they  might  be  easily  mistaken  for  lime- 
stone. 

Prof.  BoNNBr  expressed  his  sense  of  the  value  of  the  paper,  for 
the  subject  was  one  so  difficult  that  only  a  resident  could  adequately 
deal  with  it.  He  thought  that  the  carbonate  of  lime  might  have 
filtered  down  from  Silurian  limestones  that  had  been  subsequently 
removed  by  denudation.  He  was  disposed  to  regard  the  rocks 
described  by  the  Author  as  considerably  later  than  the  Malvernian 
crystallines,  though  yet  ArchaBan.  He  might  mention  that  traces  of 
rhyolitic  rocks  had  been  found  by  his  friend  Mr.  Coles  in  g^ts 
on  the  Abberley  Hills. 

The  Pbesident  and  Mr.  H.  H.  Abnold-Bbmbosb  also  spoke. 

The  AuTHuB  thanked  the  Society  for  their  kind  reception  of  his 
paper.  He  said  that  the  presence  of  the  lime  might  be  explained  on 
the  supposition  that  the  area  was  at  one  time  overlain  by  the 
Silurian  rocks.  He  had  in  his  possession  a  FavosiUs  which  had 
been  found  just  below  the  filter-beds. 
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35.  On  the  Disooyebt  of  Natitbal  Gab  in  East  Svbsbx. 
By  C.  Dawbon,  Esq.,  F.G.S.,  F.8.A.     (Read  June  8th,  1898.) 

I.    VABIOrs  DiSOOTEBIES  OF  THB  Gas. 

The  first  record  of  the  discovery  of  an  iDflammable  natnral  gas 
in  East  Sussex  is  contained  in  Mr.  Henry  Willett's  13th  Quarterly 
Beport  of  the  Subwealden  Exploration  (Netherfield),  1875.  It 
is  Uiere  stated  that  in  making  experiments  on  the  temperature,  etc. 
at  various  depths,  and  on  lowering  a  light  in  the  bore-tube,  an 
explosion  occurred.  Strange  oscillations  in  the  depth  of  the  water  are 
reported  to  have  been  noticed,  which  at  the  time  were  attributed 
{inter  alia)  to  the  discharge  of  inflammable  gases  derived  probably 
•  from  the  petroleum-bearing  strata  beneath '  (the  Kimeridge  Clay). 

Another  discovery  of  inflammable  natural  gas.  occurred  in  tfie 
year  1895,  when  a  deep  artesian  bore-tube  (6  inches  in  diameter)  was 
sunk  in  the  stable-yard  of  the  New  Heathfield  Hotel,  close  to  the 
Heathfield  Station  of  the  London,  Brighton,  &,  South  Coast  Railway 
Company  (Eastbourne  &  Tunbridge  Wells  Branch)  in  the  parish  of 
Waldron,  East  Sussex.  At  the  depth  of  228  feet,  the  foreman  of  the 
work  noticed  that  the  water  which  had  been  put  down  the  borehole  to 
assist  the  working  of  the  tools  was  *  boiling.'  As  he  was  about  to 
lower  a  candle  to  discover  the  cause,  the  gas  arising  from  the 
bubbles  caught  fire,  and  burnt  '  to  about  the  height  of  a  man.' 
Subsequently  the  foreman  attached  small  tubes  and  ignited  the  gas 
at  a  distance  of  15  yards  from  the  borehole.  Although  he  appears 
to  have  reported  the  details  of  the  strata  traversed  to  his  employers, 
he  does  not  seem  to  have  mentioned  the  discovery  of  the  gas  until 
enquiries  were  made  by  the  writ<^r,  who  had  heard  of  it  from  other 
eye-witnesses.  This  boring  was  not  carried  any  deeper,  as  no  water 
had  been  discovered.  The  borehole  has  now  been  covered  over,  and 
the  upper  part  cemented  and  used  as  a  sump. 

The  third  and  last  discovery  was  made  in  August  1896  *  at  a 
site  about  100  yards  distant,  on  lower  ground  than  the  last,  in 
the  railway-cutting  between  the  north-eastern  end  of  Heathfield 
Railway-station  and  the  mouth  of  the  tunnel,  by  the  side  of  the 
permanent  way.  The  Railway  Company  desired  to  obtain  a  better 
quality  of  water  for  their  engine-tank,  than  that  afforded  by  the 
present  surface-spring  supply.  Accordingly  a  6-inch  bore-tube  was 
sunk,  commencing  at  the  bottom  of  a  sump  73  feet  deep,  into 
which  the  surface-wat'Cr  had  been  allowed  to  flow.  The  details  of 
the  boring  are  appended  (see  p.  570).  Gas  appears  to  have  been 
discovered  a  long  time  before  its  inflammable  properties  were  tested, 
a  strong  odour  of  gas  having  been  noticed  for  some  days,  but 
the  smell  was  attributed  to  the  presence  of  '  foul  air '  in  the  bore- 

*  A  preliminary  note  of  this  disooveiy  was  given  by  the  Author  in  'Nature* 
of  Deo.  16th,  1897  (vol.  Irii,  pp.  160,  151),  with  illustrations.  See  also  Proc. 
8.  B.  Union  Sri.  Soc.,  June  Srd,  1808. 
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tube.  At  the  depth  of  312  feet  from  the  level  of  the  pennftneDt 
way,  the  smell  and  rush  of  the  gas  were  so  pronounced  that  (by 
way  of  experiment)  someone  applied  a  lighted  match  to  it,  wheu 
a  body  of  flame  sprang  up,  the  height  of  which  is  variously  stated, 
the  maximum  estimate  being  16  feet.  It  was  extinguished  with 
great  difficulty,  by  means  of  damped  cloths  thrown  over  the  mouth 
of  the  tube.  The  gas  continued  to  increase  during  the  remainder 
of  the  depth  bored.  The  boring  was  abandoned  at  the  depth  of  377 
feet,  no  useful  amount  of  water  having  been  obtained.  The  wrought- 
iron  tubes  were  withdrawn  from  the  borehole,  with  the  exception 
of  about  one  length  which  still  remains  in  the  ground,  the  tube 
being  continued  upward  to  near  the  top  of  the  sump.  A  cast- 
iron  cap  has  been  screwed  on  to  the  top  of  the  bore-tube,  with 
a  jj-inch  bend  and  stopcock  affixed  thereto,  allowing  a  continuous 
escape  of  gas  for  the  past  18  months. 

II.   Prebsubb  op  the  Gas. 

Notwithstanding  the  fact  that  the  bore-tube  can  be  swayed  about 
by  the  hand  at  the  top  of  the  sump,  and  that  so  small  a  length  of 
tubing  remains  in  the  borehole,  there  appears  to  be  no  leakage  of 
the  gas  between  the  rock  and  the  iron  casting,  as  evidenced  by  the 
absence  of  bubbles  rising  through  the  13  feet  of  water  now  at  the 
bottom  of  the  sump.  The  joints  of  the  tubing,  and  the  cast-iron 
cap  above  the  water,  are  however  all  very  leaky,  and  the  gas  may 
be  lit  at  any  of  them.  An  estimate  of  the  pressure  under  these 
circumstances  can  furnish  but  little  guidance  as  to  the  pressure  of 
the  gas  beneath.  However,  in  order  to  obtain  some  idea  of  it,  not- 
withstanding these  leakages,  a  new  steam  pressure-gauge  was  affixed 
to  the  j-inoh  outlet,  the  stopcock  in  the  cap  being  first  turned  off 
for  a  few  hours  (March  1898).  The  indicator  then  registered  1 5  lbs. 
to  the  square  inch  :  this  pressure  was  maintained  for  about  3  weeks 
(the  gauge  being  then  removed),  but  continually  varied  slightly,  the 
gauge  suddenly  rising  to  ^  lb.  in  excess,  and  i^en  slowly  subsiding 
to  the  15  lbs.*  This  rise  was  no  doubt  to  be  attributed  to  the  burst- 
ing of  large  bubbles  upon  the  surface  of  the  water  beneath.  When 
the  ear  was  applied  to  the  mouth  of  the  bore-tube,  the  bubbles  of 
gas  could  be  heard  loudly  and  continuously  bursting  on  the  surface 
of  the  water,  which  stands  in  the  tube  117  feet  below  the  ground- 
level.  On  testing  the  borehole  in  March  1898,  it  was  found  to  be 
blocked  up  with  blue  clay  or  shale  at  the  depth  of  229  feet  from 
the  ground-level,  the  bed  having  probably  swollen  and  closed 
up  the  borehole  at  that  point  It  will  thus  be  seen  that,  at  the 
present  time,  the  supply  of  gas  rising  to  the  surface  is  only  a  frac- 
tion of  that  which  came  up  when  the  boring  was  not  obstructed, 
before  the  tubes  were  withdrawn. 

The  foregoing  details  furnish  us  with  a  minimum  estimate,  the 
real  pressure  of  the  gas-field  below  being  probably  much  greater. 

1  [The  pipe  has  been  lately  caulked,  but  itill  leake;  on  June^lth,  1898,  it 
regidtered  20  lbs.  per  square  inch.] 
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Coupled  with  this  also  we  must  consider  the  pressure  exerted  by  a 
coluom  of  water,  which,  when  the  tube  is  dear,  stands  at  260 
feet,  and  thus  exerts  the  pressure  of  about  8  atmospheres  (= about 
120  lbs.  per  square  inch),  which  the  gas  at  the  bottom  must  over- 
come before  it  can  make  its  way  through  the  porous  strata  into 
the  tube. 

Under  the  present  conditions,  when  the  gas  is  allowed  to  escape 
finely  firom  the  6-inch  outlet,  when  all  abnormal  pressure  of  col- 
lected gas  in  the  empty  tube  above  the  water  has  been  dissipated, 
and  the  tube  is  connected  to  a  gas  pressure-gauge,  it  shows  a 
pressure  of  20  tenths  of  an  inch  of  water,  rising  to  180  tenths  (the 
limit  of  the  gauge  employed)  in  25  minutes  when  the  water  at  the 
top  of  the  gauge  is  forced  out. 

Under  the  same  conditions,  the  amount  of  gas  supplied,  tested  by 
a  10-light  dry  meter  (j-inch  outlet),  with  a  pressure  of  20  tenths 
maintained  in  the  bore-tube,  amounted  to  12i|  cubic  feet  per  hour. 

in.   Analysis  of  the  Gas. 

The  gas  has  been  analysed  on  the  spot  by  Mr.  8.  A.  Woodhead, 
B.So.  (the  County  Analyst  for  East  Sussex),  who  kindly  conducted 
the  experiment  for  the  purpose  of  this  paper.'  He  reports  as 
follows : — 

[July  7th.  1898. 
I  examined  the  natural  g^  at  Heathfield  Station  on  Jan.  26th  A  27th, 
18d8,  and  found  the  gas  as  it  issued  from  the  bore-tube  to  be  colourless,  neutral 
to  test-papers,  and  possessing  a  faint  paraffin-like  odour.  When  mixed  with 
air  it  was  extremely  explosive.  It  possessed  great  heating  properties,  and  gave 
a  fine  flame  in  a  Bunsen  burner. 

I  analysed  the  gas,  and  found  its  approximate  composition  to  be  «• 
follows  :— 

Per  cent. 

Oxyeen  18 

Higher  hydrocarbons  6*5 

Carbon  monoxide    4*0 

Marsh gas»  72-6 

Total     JOOO 

The  presence  of  so  much  oxygen  was  surprising,  but  neyertheless  it  was 
present,  and  in  such  proportion  as  to  make  the  gas  slightly  explosiye.  It  was 
so  remarkable  that  I  carried  out  the  analysis  twice,  wiUi  similar  results  within 
a  few  decimal  places. 

There  were  no  impurities  in  the  gas,  such  as  ammonia,  hydrogen  sulphide, 
or  carbon  dioxide. 

The  water  standing  in  the  borehole,  through  which  thousands  of  feet  of  gas 
must  have  passed,  was  analysed  by  me  with  a  Tiew  to  disooTer  these  impurities, 
but  beyond  the  discorery  of  0^  parts  per  million  of  ammonia  nothing  remarkable 
was  noticed.    The  analysis  points  to  the  gas  being  a  petroleum-deriTatiTe. 

Sam.  a.  Woodhbao, 
Public  Jnafysi.] 

>  He  fitted  up  a  laboratory  on  the  spot,  and  checked  all  his  results  twice. 

*  On  explosion  with  oxygen  on  two  separate  occasions  there  appeared  to  be 
the  sliffhtest  sign  of  expansion,  which  probably  indicated  the  presence  of  a 
little  ethane. 
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IV.   O&ioiN  OP  THE  Gas. 

Appended  to  this  paper  are  detailed  descriptive  sections  of  the 
two  wells  at  Waldroa  (see  pp.  669  &  570).  The  details  show  that 
the  borings  commenced  low  down  in  the  Ashdowu  Sands,  traversed 
the  whole  of  those  clay-beds  below  called  the  Eairlight  Clays,  and 
extended  into  the  upper  beds  of  the  Parbeck  Series. 

The  division  between  the  Eairlight  Clays  and  the  Furbeck  Beds 
appeared  to  be  fairly  well  marked  off  by  a  bed  5  feet  in  thickness, 
composed  of  blue  sandy  marl- rock,  containing  bands  of  bituminous 
Bhale  and  broken  fossils.  This  bed  was  followed  by  a  series  of 
shelly  rocks  which  were  penetrated  to  a  depth  of  about  38  feet. 
The  following  marine  and  brackish -water  mollusca  have  been 
identified  in  the  series  of  rock-samples*; — Melania^  Bydrobia {?), 
Corhula  oblata^  Cyrena,  Cardium,  and  Ostrea.  ^one  of  these  shells, 
except  Cyrena^  occur  in  the  Eairlight  Clays. 


Note  on  the  Mollusca. 

The  writer  considers  that  the  appearance  of  the  brackish-water 
shells  in  the  strata  at  the  bottom  of  the  Hastings  Beds  marks  the 
true  horii&on  or  junction  between  the  so-called  Sussex  'Purbecks' 
and  the  *  Hastings  Beds,'  and  there  is  no  other  indication  which  can 
be  considered  reliable.  Thus  the  appearance  of  these  brackish- 
water  forms  denotes  the  commencement,  or,  more  strictly  speaking, 
the  termination  of  a  transitional  stage  between  the  more  marine 
beds  of  the  Lower  •  Purbeck '  strata  and  the  freshwater  deposits  of 
the  ^  Hastings  Beds.'  There  seems  to  have  been  a  very  gradual 
passage  ;  and  the  writer  is  inclined  to  doubt  that  the  Sussex 
*  Purbecks '  can  ever  be  properly  subdivided  into  the  Upper,  Middle, 
and  Lower  divisions  of  the  Dorset  series,  since  they  never  appear 
to  become  so  decidedly  marine  as  the  Middle  Purbeck  of  Dorset. 
It  appears  to  him  that  the  Wealden  Beds  and  these  Purbeck  Beds 
will  eventually  have  to  be  grouped  together  under  one  head,  since 
they  seem  all  to  have  had  a  common  origin. 

Considerable  misapprehension  has  been  caused  by  the  reported 
discovery  of  brackish-water  and  marine  shells  in  the  lower  horizons 
ef  the  Hastings  Beds  at  Heathfield,  Burwash,  and  Brightling 
(Pounceford  and  Perch  Hill).  As  a  matter  of  fact,  neither  Mr. 
Philip  Rufford  (of  Hastings)  nor  the  writer,  who  have  made  a  con- 
siderable study  of  these  rocks,  have  ever  discovered  such  shells  in 
the  lower  horizons  of  the  Hasting  Sands ;  and  we  do  not  believe 
them  to  exist.  The  truth  seems  to  be  that  people  have  wandered 
about  collecting  at  Heathfield,  Burwash,  and  Brightling,  under  the 
impression  that  the  fossils  which  they  were  discovering  belonged  to 

^  At  a  depth  of  between  339  and  377  feet.  These  beds  were  very  uniform 
in  appearance  and  etructure. 
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the  lowest  beds  of  the  Hastings  Sands  ;  whereas  it  is  clear  to  the  local 
observer,  both  from  the  localities  named  by  these  collectors  and  from 
the  appearance  of  the  matrices  in  which  these  brackish-water  forms 
occur,  that  the  specimens  are  obtained  from  the  narrow  strip  of  the 
Sussex  Purbeck  Beds,  which  is  exposed  and  has  been  so  mapped  by 
the  officers  of  the  Geological  Survey  in  that  neighbourhood.  The 
collectors  have  unconsciously  strayed  over  the  division-lines,  and 
specimens  collected  by  them  have  been  wrongly  labelled  as  Wealden 
forms  in  the  principal  museums  of  England. 

Origin  op  the  Gas  (continued) 

Beturning  to  the  question  of  the  origin  of  the  gas  found  at 
Heathfield,  the  writer  considers  that  it  is  derived  for  the  most  part 
from  lower  beds,  either  in  the  Purbeck  Series  or  the  Eimeridge 
Clay.  It  is  true  that  in  most  of  the  Wealden  Group  beds  of  lignite 
occur  of  considerable  thickness  * ;  but  the  phenomenon  of  spontaneous 
gas-generation  has  never  been  recorded  with  respect  to  them. 
Certain  small  beds  of  lignite  actually  occur  in  these  borings ;  but, 
on  glancing  through  the  list  of  the  rock-details  appended,  I  do  not 
perceive  any  adequate  source  of  this  enormous  accumulation  of 
gas." 

Traces  of  petroleum  and  bituminous  matter  not  uncommonly 
occur  in  the  Wealden  Beds,  but  in  no  considerable  quantity.  The 
Purbeck  strata  (Brightling  Series)  are  a  little  richer,  and  it  has  even 
been  attempted  to  turn  some  of  the  bituminous  shales  between  the 
greys  and  the  blues  to  practical  account.  Mr.  B.  Hallett,  of  Swifes 
Farm,  Burwash,  had  several  tons  of  an  unctuous  blue  clay,  exposed 
in  a  ghyll  or  valley  near  there,  operated  upon  and  extracted  tar,  and 
subsequently  a  variety  of  products,  such  as  pitch,  grease,  oil,  naphtha, 
and  paraffin.  But  by  far  the  richest  supply  of  paraffin  yet  discovered 
in  the  Sussex  rocks,  occurred  in  the  Kimeridge  strata,  penetrated 
by  the  Subwealden  boring  at  Netherfield  in  1875,  I  learn  from 
Mr.  Henry  Willett  that  slight  indications  of  petroleum  were  noticed 
all  through  the  Eimeridge  Clay  in  this  boring,  but  they  became  more 
distinct  at  about  160  feet  from  the  top  of  the  clay  (or  450  feet 
from  the  surface)* ;  all  below  that  depth  was  more  or  less  impreg- 
nated with  petroleum,  it  being  particularly  abundant  at  the  following 

»  See  W.  Topley,  GeoL  Surv.  Mem.  of  the  Weald,  1875,  p.  347.  The 
thickest  bed  of  lignite  described  at  Waldron  occurs  in  rocks  higher  than  those 
in  which  the  Heathfield  Station  boring  was  commenced. 

'  The  foreman  of  the  works  said  that  the  strata  seemed  full  of  it,  for  at  least 
100  feet. 

'  A  great  thickness  of  strata  (about  500  feet)  interrenes  between  the  botbmi 
of  the  Heathfield  borings  and  the  horizon  of  the  gas  discoTered  in  the  Sub- 
wealden bonne.  At  the  same  time,  it  may  be  staled  that  in  the  Amerioin 
natural  gas-fields  the  gas  has  been  proyed  to  rise  neat  distances  abore  its 
source — the  distance  depending  entirely  on  the  suitability  of  the  structure  of 
rock.  See  Beports  of  the  Departments  of  Geology  of  Indiana  (1886-1894) 
Pennsylvania  (1886),  California  (1897),  and  Ohio,  toI.  ri. 
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depths  from  the  surface :— 600,  604,  617,  622,  and  651  feet.  Fossils 
were  scarce  or  absent  in  those  parts  of  the  clay  which  were  richest 
in  petroleum.  The  lower  shales  in  the  clay  smelt  strongly  of 
petroleum,  and  burnt  with  a  brilliant  yellow  flame. 

The  lighter  gases  given  off  from  the  lower  beds  probably  rise 
through  the  more  porous  rocks  and  fissures,  and  may  be  found  in 
more  or  less  abundance,  according  to  the  var3ring  structure  and 
texture  of  the  rocks  at  different  horizons.  Of  course  the  richest 
supply  will  be  that  which  is  held  back  by  some  comparatively  im- 
pervious band — especially  where  such  band  forms  an  unbroken  arch 
in  an  anticlinal.  In  such  oases  the  gas  will  collect  within  the 
dome  or  arch  by  specific  gravity,  from  the  lower-lying  porous  rocks 
covered  by  the  impervious  roof;  and  the  higher  up  the  anticlinal 
the  arch  is  pierced,  the  greater  will  be  both  the  supply  and  the 
pressure.  At  Heathfield  the  borings  pierce  the  southern  slope  of  a 
great  anticlinal  which  runs  from  Eairlight  far  into  Mid-Sussex.  It 
is  joined  at  Heathfield  by  another  considerable  anticlinal  running 
through  Burwash,  and  it  is  here  that  the  lowest  strata  in  Sussex 
are  exposed  by  upheaval  and  denudation.  The  gas  rising  through 
the  lower  petroleum-bearing  rocks  in  the  course  of  ages  has  probably 
become  '  trapped '  in  the  dome  formed  by  the  more  clay-bound 
strata  of  the  Lower  Ashdown  Beds,  the  Fairlight  Clays,  and  the 
probability  is  that  over  the  whole  of  the  higher  lands  of  this  district 
the  natural  gas  will  be  found  to  occur. 


1.  Section  at  Hbathfibld  New  Hotel.    {49S  feet  above  0,D.) 

Thiokneas  Depth 

Feet     In.  Feet     Id. 


to 


'Dark  brown  rusty  ferru^nous  sand,  with 

very  thin  bands  of  lignite  5  5 

Light  yellow  and  grey  sand,  with  thin  bands 

of  lignite  6  10 

SlateHX>loured  marl    1  11 

^  Yellow  and  white  bands  of  sand   10  21 

Sandstone  and  blue  marl  in  layers     11  32 

White  sandstone 18  60 

White  sandstone,  and  layers  of  clay  and 

marl  9  59 

Bluish  sandstone 2  61 

Bluish  sandstone  and  layers  of  marl     10  71 

White  and  yellow  sandstone  5  76 

Bluish  sandstone  and  marl 10  86 

Blue  marl 3  89 

Sandstone  and  marl    5  94 

Blue  marl 57  151 

Hard  sand-rock    4  6                 165 

Hue  marl 12  6                 168 

Hardstone   1  6                  169 

Hard  blue  marl    46  6                 216 

Sand-rock 3  219 

Blue  marl  (gat  first  noticed  at  228  feet)  ...  30  249 
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2.  SsonoN  at  Hbathfibld  Eailwat-btation.  (This  wed  is  oom- 
menced  on  ground  43  feet  lower  than  the  former  one,  and  about 
60  yards  south  of  U.     ff eight  ^4^0  feet  above  OJ).) 

Tbiokneet  Depth 

Feet   In.  Feet   In. 
Dog  Well  (no  record ;  compariBon  may  be  made 

witb  the  former  section — see  186  feet  below  *)  73 

Orey  sandy  marl-rock    6                          79 

„           marl-rock,  with  bands  of  grey  sand- 
stone      17      6                  96      6 

Bine  sandy  marl-rook 4                         100      6 

„                ,,          with  bands  of  grey  sand- 
stone      2      6                 103 

„    shale  and    fossils,    grey  sandstone  with 

lignite  and  ironstone     9                         112 

Bine  marl-rock,  witb  bands  of  grey  sandstone 

and  ironstone  15      6                 127      6 

„          „            and  shale 8      8                 131      2 

„    sandy  marl-rock,  with  oooadonal  ironstone.  8    10                 140 

Hard  grey  sandstone  1      9                 141      9 

Blue  sanay  marl-rook 1      3                 143 

„          with  bands  of  grey  sand- 
stone      9                         162 

M               „          and  ironstone 9     6                  161      6 

Grey  sandstone 18                 162      9 

Bine  sandy  marl-rook,  with  bands  of  grey  sand- 
stone and  ironstone 8      6                 171      3 

Grey  sandstone 1      9                 172 

Blue  sandy  marl-rock,  with  bands  of  grey  sand- 
stone and  ironstone 12                         184 

Grey  sandstone 8                 184      8 

Blue  sandy  marl-rook,  with  bands  of  grey  sand- 
stone and  ironstone 3      4                 188 

Blue  sandy  marl-rook,  with  ironstone  8      3                 196      3 

Hard  grey  calcareous  sandstone 1      2                 197      5 

Blue  sandy  marl 1                 197      6 

Orey  calcareous  sandstone 3                 197      9 

Blue  sandy  marl 1                 197    10 

Grey  calcareous  sandstone 4                 198      2 

Blue  marl-rook 2                 198      4 

Grey  calcareous  sandstone 3                 198      7 

Bands  of  the  same,  and  blue  marl-rock    1     11                 200      6 

Blue  shale,  with  thin  bands  of  grey  calcareous 

sandstone 7      6                 208 

Blue  marl-rook,  with  thin  bands  of  blue  shale  ...  6                         214 

„       „            „               hard  blue  shale    1                         215 

Blue  shale    2      6                 217      6 

Grey  sandstone     1      6                  219 

Blue  sandy  marl-rock 5      6                 224      6 

„              „         with  bands  of  Uue  shale...  8              *          232      6 

„              „         and  grey  sandstone    3      6                  236 

„  „         with  nodules   of    clayey 

ironstone 8                         244 

Blue  sandy  marl-rock  and  sbale    13      6                 257      6 

Bands  of  blue  sandy  marl  and  shale,  with  bands 

of  greyish  sandstone 7                        264      6 

^  [186  feet  is  the  corresponding  horizon  where  the  gas  was  noticed  at  the 
hotel,  situate  42  feet  above  top  of  this  welL] 
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ThiokneaB  Depth 

Feet  In.  Feet  In. 

Brown  and  greenish  sandy  marl,  with  thin  hands 

of  marble 2      6  287 

Blue  and  greenish  sandy  marl,  with  bands  of 

shale 3      6  270      6 

Blue  and  grey  do.,  with  bands  of  shale 6  276      6 

Blue,  hrown,  and  greyish  marl  and  shale 10      6  287 

Brown  and  greyish  sandy  marl  and  blue  shale  .    13  300 

Grey  sandy  marl-rock  and  shale   12  312 

(Gas  first  lighted,  312  feet.) 

Blue  sandy  marl-rock  and  shale    1  313 

Greyish  limestone   1^  313      1{ 

Blue  sandy  marl-rock 2     lOj  816 

„               „        with  nodules  of  grey  sand- 
stone       6  321 

„  „        with  bands  of  shale 18  339 

(Paludinafluviorum,  333  feet.) 
Blue  sandy  marl-rock,  with  bands  of  bituminous 
shale  and  broken  fossils  {Corbula  and  Oyrena, 

347  feet) 8  347 

Blue  sandy  marl-rock,  and  bands  of  hard  bitu- 
minous shale  with  shells  {Ostrea,  Melania, 
Hydrobial,   Corbula^  Cyrena,  Cardium,  etc., 

S5S  feet  et  seq.)    6 

Bands  of  shell-rock  and  shale    3      6 

Blue  sandy  marl,  and  bands  of  shale  with  shells.      5      6 

Blue  shale  and  bands  of  shell-rock    3      6 

Shell-rock 8 

Bands  of  blue  shale  and  marl  with  shells    1       4 

Blue  shale  and  hard  bauds  of  shells 3      6  371 

„    sandy   marl,  and    bands    of   shale  with 

shells  6  377 

The  above  details  of  depth  and  description  of  the  rocks  were 
supplied  by  Messrs.  Le  Grand  &  Sutcliffe,  who  made  both  borings. 
The  Anthor  wishes  to  place  on  record  his  sincere  thanks  to  them 
for  opportunities  courteously  given  to  examine  the  rock-samples^ 
and  for  general  information  with  respect  to  the  subject. 
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36.  Note  on  Natitra.l  Gas  at  Hbathfield  Station  (Sussbx).  By 
J.  T.  Hewitt,  M.A.,  D.Sc.,  Ph.D.  (Commuaicated  by  the 
Pbbsidbht.     Read  June  8th,  1898.) 

Iir  a  boring  made  for  water  some  months  ago  at  Heathfield  Railway- 
station  (L.  B.  &  S.  C.  R.)  an  outflow  of  natural  gas  was  encountered. 
A  cap  provided  with  a  cock  was  placed  at  the  outlet  of  the  boring, 
and  thus  the  collection  of  a  sample  of  the  gas  for  aDal3rsis  was  an 
easy  matter.  Owing  to  the  courtesy  of  Mr.  R.  J.  Billinton,  the 
Locomotive  Engineer  of  the  London,  Brighton,  &  South  Coast 
Railway,  who  not  only  gave  me  the  necessary  permission,  but 
also  placed  every  facility  at  my  disposal,  I  was  enabled  to  take  a 
sample  of  the  gas  on  Deo.  Slst,  1897.  Mr.  Billinton  further  in- 
formed me  that  a  bed  of  lignite  had  been  encountered  at  a  depth  of 
about  300  feet ;  this  was  of  considerable  thickness,  and  was  supposed 
to  be  the  stratum  in  which  the  gas  had  its  origin.  He  very  Idndly 
provided  me  with  a  specimen  of  this  substance,  which  one  can 
perhaps  better  regard  as  a  shale  ;  this  also  was  analysed. 

Analysis  of  thv  Gas. 

(Hempel  Method  and  Apparatus,) 

Percent. 

Methane  (OH4)  91-9 

Hydrogen  (Hj)  7*2 

Nitrogen  (N.) 0^ 

100-0 

The  gas  was  examined  for  oxygen,  carbon  dioxide,  carbon 
monoxide,  olefines,  and  hydrocarbon  vapours ;  these  were  found  to 
be  absent. 

Analysis  of  the  Shale. 

In  the  first  place  the  shale  was  analysed  according  to  the  customary 
method  of  carrying  out  commercial  analyses  for  coal.  The  foUowing 
result  was  obtained  : — 

Per  cent. 

Moisture    4*90 

Volatile  matter    15*55 

Fixed  carbon     1*74 

Ash    77-81 

lOOHX) 

It  should  be  pointed  out  that  very  little  reliance  can  be  placed 
on  the  numbers  for  volatile  matter  and  fixed  carbon,  as,  owing  to  the 
large  amount  and  porous  nature  of  the  ash  obtained,  it  is  extremely 
easy  to  increase  the  percentage  of  volatile  matter  and  diminish  that 
of  the  fixed  carbon,  by  the  combustion  of  the  latter,  even  with  the 
li<^|firmly  fixed  on  the  platinum  crucible  in  which  the  analysis  is 
conducted. 


Digitized  by 


Google 


Vol.  54.]  H£ATHFIBLD  STATION  (SUSBXZ).  573 

Under  ihese  oiroamstances  it  was  very  desirable  to  make  a  full 
elementary  analysis,  whioh  was  carried  out  with  a  sample  dried  at 
110®  to  115**  Centigr.  In  this  case  we  have  to  deal  with  18*18  per 
cent,  of  organic  material  and  81*82  per  cent,  of  ash. 

Per  cent. 

Carbon  9*43 

Hydrogen 1-83 

Nitrogen    008 

Sulphur 1-27 

Oxygen  (by  difference) ...  4  97 

Ash    81-82 

lOO-OO 

The  sulphur  is  here  reckoned  with  the  organic  material ;  considering, 
however,  that  on  burning  the  shale  the  smell  of  sulphur  dioxide  is 
noticeable,  and  moreover  that  the  ash  contains  some  2|  per  cent,  of 
sulphur  trioxide  (as  sulphates),  it  is  very  probable  that  the  sulphur 
of  the  shale  actually  exists  as  pyrites.  If  so,  this  will  make  the 
oxygen  percentage,  obtained  by  difference,  considerably  too  low. 
Taking  the  above  figures,  however,  and  making  no  correction 
for  the  oxidation  of  sulphides,  we  should  obtain  for  the 
oiganic  material  of  the  shale  the  following  result : — 

Per  cent  Per  cent. 

Carbon    943  51-87 

Hydrogen  1*83  1(HJ7 

Nitrogen    0-68  3*74 

Sulphur  1-27  «*99 

Orygen   497  2733 


1818  100-00 

The  ash  gave  the  following  results  on  analysis  : — 

Per  cent. 

Silica  (SiO»)    59  72 

Alumina  (Al^O,) 24-40 

Eerric  oxide  (Fe.fi^) 7  03 

Lime  (CaO)     214 

Magnesia  (MgO)    096 

Sulphur  trioxide (SO3)       254 

Pboephorus  pentoxide  (PjOg)  absent 

Altanes  and  loss  (by  difference)  on  analysis  3*21 

100-00 

In  conclusion,!  desire  to  express  my  cordial  thanks  to  Mr.  Billinton 
for  the  courtesy  and  kindness  with  which  he  placed  material  at 
my  disposal  in  the  course  of  this  investigation. 

Discussion  (on  thb  two  vbjkedisb  Fafbbs). 

Mr.  J.  E.  Clark  remarked  that,  in  view  of  the  strong  divergence 
in  the  analyses,  it  would  be  of  interest  if  the  new  method  by 
liquefaction  could  be  applied,  by  the  co-operation  of  the  Royal 
Institution.    The  idea  of  collecting  the  possible  gas  escaping  at 
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the  surface  beneath  ice  was  interesting.  Bat  would  it  be  easy 
to  get  areas  still  enough  to  freeze,  where  the  absence  of  all 
surface-generated  marsh-gas  could  be  guaranteed? 

Mr.  E.  T.  Newton,  having  seen  specimens  from  the  Heathfield 
boring,  remarked  on  the  difficulty  of  distinguishing  between  the 
Wealden  and  the  Purbeck  beds ;  but,  judgbg  from  the  few  fossils 
identifiable,  he  thought  that  Mr.  Dawson  was  correct  in  ascribing 
the  beds  met  with  at  a  depth  of  353  feet  to  the  Purbeck  Series. 
He  also  spoke  of  the  high  pressure  at  which  the  gas  escaped  from 
the  pipe,  when  the  boring  was  visited  by  him  about  a  fortnight 
before  the  reading  of  these  papers. 

Mr.  C.  E.  Mastebhan  thanked  the  Fellows  for  their  appreciation 
of  his  attempt  to  demonstrate  the  suitability  of  the  gas  for  lighting 
by  incandescent  mantles.  He  explained  the  nature  of  the  burners 
used,  and  said  that  he  hoped  shortly  to  be  able  to  perfect  the 
apparatus  still  further. 

The  President  and  Dr.  Isaac  Eoberts  abo  spoke. 

Mr.  Dawson  said  that  the  absence  of  the  higher  hydrocarbons  in 
Dr.  Hewitt's  analysis  could  not  be  reconciled  with  the  normal 
appearance  of  the  gas,  which  could  not  be  distinguished  from  the 
appearance  of  ordinary  coal-gas,  and  burnt  with  a  bright  yellow 
flame,  as  might  be  seen  from  the  sample  now  shown  on  the  table. 
Assuming  both  analyses  to  be  correct,  then  the  gas  must  vary 
very  considerably.  Although  variation  had  been  noticed  in  the 
North  American  natural  gas,  it  had  scarcely  been  to  this  extent. 
The  analyses  of  the  ligTiite  yielded  results  similar  to  those  of  most 
lignites.  The  bands  of  lignite  at  the  particular  horizon  from  which 
the  analysed  sample  was  taken  were  thin,  and  mixed  with  shale. 
Thicker  beds  (about  2  feet)  had  been  met  with  at  Waldron,  but  no 
gas  had  been  discovered  in  them.  He  considered  that  the  gas  was 
probably  derived  from  the  underlying  petroleum-bearing  strata. 

He  wished  to  express  his  thanks  to  Mr.  E.  T.  Newton,  for  the 
identification  of  the  Purbeck  fossils ;  to  Messrs.  Le  Grand  & 
Sutcliffe,  Mr.  C.  0.  Blaber,  C.E.,  and  Mr.  John  Lewis,  C.E.,  for 
kindly  supplying  details  and  plans  of  borings ;  and  to  Mr.  S.  A. 
Woodhead,  B.Sc,  for  his  analysis. 

Dr.  Hewitt  said,  in  reply  to  Mr.  Dawson,  the  fact  might  be 
mentioned  that  vegetable  matter,  when  buried,  from  the  time  of  its 
death  and  through  all  stages  until  it«  final  conversion  into  coal  or 
anthracite,  continuously  gives  off  methane;  this  is  shown  in  the 
occurrence  of  marsh-gas  and  of  firedamp.  Hence  there  is  nothing 
absurd  in  the  sup])06ition  that  the  gas  actually  arose  from  the 
clay-bed  impregnated  with  vegetable  matter,  the  analysis  of  a 
sample  of  which  had  been  given.  A  natural  gas  having  the 
composition  given  in  the  analysis  might  equally  as  well  have 
arisen  from  a  known  bed  containing  organic  matter  as  from  a 
hypothetical  petroleum-bearing  deposit. 
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37.  Pobt-Glacial  Beds  exposed  in  the  Cuttiso  of  the  new  Bbvgbs 
Cakal.  By  T.  Mbllard  Rbadb,  Esq.,  C.E.,  F.G.8.  (Read 
Jane  22nd,  1898.) 

[Abridged.] 

When  in  Belgium  in  the  spring  of  1897  as  the  guest  of  Prof.  A. 
Renard,  of  Ghent  University,  I  travelled  with  him  to  the  coast,  to 
see  the  excavations  of  the  new  Bruges  Canal  near  Heyst,  ahout 
6  kilometres  from  Blankenberghe,  a  well-known  Flemish  watering- 
place.  The  heds  exposed  by  the  excavations  bore  so  striking 
a  resemblance  to  those  which  I  have  studied  and  mapped  in  the 
neighbourhood  of  Liverpool  that  I  examined  them  with  great 
interest,  and  succeeded  in  identifying  the  several  beds  with  the 
deposits  carefully  mapped  in  detail  by  the  Belgian  Geological 
Survey  on  the  i^^  scale.  The  following  beds,  enumerated  in 
descending  order,  were  found : — 

5.  Argile  des  polders  sup^rieure,  equi?alent  to  the  Marsh  Clay  of 

England. 
4.  Cardium  [edule]-fi&Tid, 
3.  Argile  des  polders  infdrieure. 
2.  Sci^icularia  [ptona]-ciay. 
1.  Peat 

The  junction  between  the  clay  and  the  peat  is  very  inconstant ; 
in  one  place  it  may  be  seen  markedly  distinct  and  horizontal,  and  in 
another  very  irregular,  as  if  intersected  with  gullies  which  had 
afterwards  become  filled  with  the  Scrobicularia~da.yy  while  above 
in  the  base  of  the  clay  thin  seams  of  peat  are  seen  intercalated. 
It  is  precisely  the  sort  of  interchange  of  Scrobicularia-clay  and 
peat  that  I  described  as  occurring  near  Southport  and  at  Birkdale 
in  a  paper  read  before  the  Liverpool  Geological  Society  in  187L*  I 
took  out  of  this  clay  Scrohicuhirice  in  the  vertical  attitude  of  life, 
just  as  they  occur  in  our  own  Formby  and  Leasowe  Marine  Beds. 

Specimens  were  taken  of  the  Argile  des  polders  sup^rieure 
or  Marsh  Clay  and  of  the  Scrobicuhtria  ^>Za/irt-clay,  and  were 
afterwards  mechanically  analysed  and  microscopically  examined, 
with  the  following  results : — 

Argile  des  polders  sup^rieure. 

Weight  before  washing 4oz.  =  l-000 

Weight  after  washing :  — 

Retained  in  the  ,'o -inch  mesh       -0005 

„       ^0     M        <)010 

*•         M       lio  I.        >»  '0078 

Passed  the  xAo-i^cb  mesh,  and  deposited  by  subsidence  '3854 


Sand  =  39  per  cent. ;  clay  =  61  per  cent 


•3947 


'  *The  Geology  &  Pliy&i«»  of  the  Po»t-Glacijil  Period  aa  shown  in  the 
Deposits  &  Organic  Remains  in  Lancashire  &  Cheshire,*  Proc.  L'puol  Geol.  Soc. 
1871-72,  pp.  36-88,  with  four  coloured  plates  of  maps  and  sections. 

Q.J.G.8,  No.  215.  2r 


Digitized  by 


Google 


676  MR.  T.  MELLABD  BEADS  OH  P0BT-6LAaAL  BB08      [Aug.  1 898, 

The  foregoing  analysis  shows  how  extremely  minute  the  gruns 
of  this  material  were,  as  only  '0093  of  the  whole  remained  in 
the  sieve-meshes,  while  61  per  cent,  of  the  whole  passed  off  in  the 
floatitigs  and  was  not  even  deposited  by  subsidence. 

The  material  in  the  A-inch  mesh  consisted  of  shell-fragments, 
two  minute  helical  shells,  some  spore-cases,  a  few  grains  of  sand 
and  globuhir  or  pear-shaped  aggregates  of  calcite-crystals.  The 
q\pinch  mesh  material  was  largely  composed  of  similar  but  smaller 
calcite-grains,  with  some  very  rounded  and  smoothly  worn  quartz- 
grains,  together  with  very^  thin  and  highly  glazed  shell-fragments. 
The  material  from  the  y^p-inch  mesh  contained  a  larger  proportion  of 
quartz-grains,  some  highly  rounded  and  polished,  many  of  the  normal 
caleite-grains,  a  fair  proportion  of  shell- fragments,  flakes  of  mica, 
some  foraminil'era,  and  a  few  vegetable  fibres.  The  shell-fragments 
consisted  of  both  flakes  and  portions  of  highly  curved  helices.  The 
material  that  passed  the  y^-^-inch  mesh  and  was  deposited  by  sub- 
sidence consisted  of  38  per  cent,  of  the  whole.  It  was  a  grey  powder, 
mostly  made  up  of  clear  quartz-sand  in  very  even-sized  grains. 
Some  of  these  were  as  rounded  and  highly  polished  as  any  that 
I  have  ever  seen.  Two  of  these  grains  I  remarked  specially, 
as  they  are  less  than  -^^  inch  in  diameter  on  the  longer  axis, 
and  under  the  microscope  are  seen  to  be  most  beautifully  rounded 
and  polished  :  they  are,  in  fact,  microscopical  pebbles. 

Dr.  G.  J.  Hinde  kindly  oxamiued  specimens  of  these  sedimentary 
washings  for  me  ;  of  the  jJ-^-inch  mesh  material  he  says : — '  The 
sample  contains  a  very  few  broken  fragments  of  spicules  of  tetracti- 
ncllid  piliceous  sponges,  now  white  or  changed  into  crystalline  silica, 
and  with  the  axial  canal  filled  with  foreijju  material,  and  they  evi- 
dently originate  from  Cretaceous  beds.  The  finer  sample  (that  which 
passed  the  yj^-inch  mesh)  contains  broken  fragments  of  acerate  and 
pin-shaped  spicules  of  monactinellid  sponges,  very  fresh-looking,  and 
they  mif?ht  well  belong  to  forms  still  living  or  to  those  in  Tertiary 
beds ;  they  are  certainly  more  recent  than  the  white  crystalline 
spicular  fragments/ 

A  ])arcel  of  this  clay  was  submitted  to  Mr.  Joseph  Wright,  of 
Belfast,  to  whom  I  am  much  indebted  for  the  thorough  examinat^'on 
which  he  has  made  of  the  foraminifera.  The  iollowiug  is  his 
report : — 

Argile  des  polders  euperieure. 

Weight,  5*6  or.,  troy.  After  washing:  fine,  '8  oz. ;  coarse,  "004  o«.  One 
angular  stoue.     Forauiinifem  |)lentiful. 

List  of  Foiiaminifkra. 

*  Texfuim  in  (jl<  hti h'sa,  Ehr. *     R w re. 

BoliViiia  pJu'utu,  d'Orb.     Rare. 
^Lagena pMjof a  (Ml int.).     Viry  rare. 

,,       'WiUiuwsovi,  Alfcck.     Very  rare. 


1  ['I  licfiiecirp  or  foraminifera  nuirkcni  witli  in  jsteruk  in  tW\9  and  subsequent 
lists  in  tie  jires-cnt  |  aj-er  luive  loeti  a'n-a(\v  r«"coitlfd  from  similar  deposits 
ot  Ot'ter.d  wliirh  apjieur  to  be  clnsiiiiicd  tugeiher  ns  Argile  des  polders. 
Fee  Vj  n  den  Bioeck,  Ann.  Soc.  Belg.  Microbe.  >ol.  iii  (1877)  pp.  cxri-cxxi. — 
T.  M.  E.] 


Digitized  by 


Google 


Vol.  54.]      BXPO8ED  IH  THK  CUTTIKO  OP  THE  IHSW  BBUeSS  OAITAL.      577 

^Uvigerina  angulosa,  WilL     Very  rap©. 

Glooifferina  SuUoidea,  d'Orb.    B^re. 

DiscSrhina  Wrightii^  Br.     Bare. 
*Trmcalulina  lobafula  (W.  &  J.).    Frequent 
*Rotalia  Beocarii  (Linn.).    Bare. 
^Nonionina  depretxula  (W.  &  J.).     Very  common. 
*Poly9tomeUa  striato-punctata  (F.  k  M.).    Common. 

About  900  specimens  of  Nonionina  depresauia  were  obtained  from  this 

r.bering,  while  the  remaining  10  species  comprised  in  all  only  40  specimens, 
few  mollusca  were  also  found,  namely,  two  specimens  of  Limnaa  pereqra 
and  four  of  Zonitn  nitiduius,  fre^- water  and  land-shells,  no  doubt  washed 
into  the  clay  from  higher  levels. 

(7ard»um-Sand, 

This  was  a  fine  silty  grey  sand  containing  quartz-grains,  some 
rounded  calcareous  grains,  and  a  few  of  gluuconite.  Some  of  the 
quartz-grains  are  fairly  well  rounded.  It  is  full  of  valves  of  (7ar- 
dium  edule  and  many  shell-fragments,  some  very  minute  and  thin. 
Sponge-spicules  and  spines  of  Echinus  are  not  uncommon. 

Mr.  Wright  says  of  thb  sand : — 

Weight  of  specimen  9*5  oz.  troy  ;  after  washing,  8*3  oz.  fine,  nothing 
remained  but  a  few  Cariimot-shells.  Foraminifera  extremely  abundant. 
Ostracoda  common. 

List  of  FoRAyiiciriRA. 

BiloctUina  depresaa^  d*Orb.    Two  well-grown  specimens. 
Spirohculina  acutimargo,  Brady.     One  typical  specimen. 
MUiolina  trigonula  (Lai  11.).     Bare. 
„        ohionga  (Mont.).     Common. 

•  „        seminulum  (Linn.).     Common. 
„         Auhfriana  (d  Orb.^.     Frequent. 

•  „        Bubrotunda  (Mont.).     Very  common. 
„        scminuda,  Ueu9».     Bare. 

„        hicomis  ( W.  &  J  ).     Bare. 
„        Boiieana  (d'Orb.).     Very  rare. 

•  Trochammina  in/kUa  (Mont.).    Very  rare, 
Cornuspira  iuvoivenSf  Reuss.     Very  rare. 
Texlularia  gramen,  d'Orb.     One  Tery  small  specimen. 

»        »         globuhsat   Ebr.      Frequent;    may   be   derived   from    the 

Clialk. 
Bulimina  pupoides,  d'Orb.     Very  rare. 

•  „        elrgantissima,  d'Orb.     Very  rare. 

,»        sp.     A  few  Amall,  obscure  specimens,  probably  derived  from 
the  Clmlk. 

♦  BoUvina  punctata,  d'Orb.     Frequent. 

,,        pUcata,  d'Orb.     Very  common. 
„         ohsoleta,  Eley.     Very  rare. 
Casstdulina  crtisxa,  d'Orb.     Very  rare. 

*  Lagena  lav  in  (Mont.\     Very  rare. 

„       liMata  (Will.).     Frequent. 
„        WiUiamsoni  (Alcock).     Bare. 
„       hexagona  (Will.).     Very  rare. 
•     „       marginata  (W.  i  B.).     Bare. 
»     „       liicida  (Will.).     Very  rare. 

„        Orbignyaua  (Soguei.za).     Very  rare. 
„       Iticarinuta  {i^rf{.).     Very  rare. 
Crisieliaria  crepidula  (K  k  M.).    One  large  specimeD. 
Polymorphina  giltbOf  d*Orb.     Very  rare. 

„  lanceolata,  Beuss.     Very  rare. 
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Potymorphina  rotundata  (Born.).    Very  rare. 

*  Umgtrma  ongvlota^  Will.    Frequent. 

Gldoigerina  cretacea,  d'Orb.    0[>mmon ;  probably  derired  from  the 

Chalk. 
Orbulina  universa,  d'Orb.    Bare ;  Bpeeimens  Tery  ■mall. 
PateiUfia  corruaata^  Will.    Very  rare. 

*  Ditcorhina  glooularis  (d'Orb.).    Very  rare. 

„         rosacea  (d'Orb.).    Common. 
„  orbicularis  (Terq.).    Very  rare. 

„  WrighHi^  Brady.    Very  common, 

„         Beriheloti  (d'Orb.).    Very  rare. 
Planorfmlina  mediterranensis,  d'Orb.    Bare. 

*  Truncaiulina  lohatula  (W.  &  J.).    Very  common. 
Pulvinnlina  Menardii  (d'Orb.).    Very  rare. 

„         Hauerii  (d'Orb.).    Very  rare. 

,,         patag&nica  (d'Orb.).    ?  One  small  specimen. 

„         sp.  near  auricula  (F.  k  M.).     One  small  speoimen. 

*  Botafia  Beccarii  (Linn.).    Very  common. 

*  Nonionina  depresstda  ( W.  &  J.).     Extremely  abundant 

„         Boueana,  d'Orb.    Bare. 
„        scapha  (E.  k  M.).    Two  large  spedmenii. 
PolystomeUa  erispa  (Linn.)-    Very  rare. 
„  macella  (F.  k  M.).    Bare. 

»  „  striato-punctaia  (F.  k  M.).    Extremely  abundant. 

Mr.  Wright  remarkB  that  the  sand  from  which  these  foraminifera 
were  obtained  is  very  fine  and  quite  free  from  coarse  materials,  all 
that  remained  in  the  coarse  sieve  after  washing  being  six  or  eight 
specimens  of  Cardium  edule.  Three  specimens  of  Hydrdfna  uhnx 
came  up  in  the  floatiiigs,  also  several  young  of  other  molluscan 
shells.  The  foraminifera  and  ostracoda  were,  as  a  rule,  in  good 
condition,  notwithstanding  the  pervious  nature  of  the  material  iD 
which  they  were  embedded.  The  specimens  of  Olohigerina  cretaeea 
were  probably  derived  from  older  strata,  and  such  may  also  have 
been  the  case  with  the  specimens  of  TextuUiria  globulosa  and  a  few 
small  Bvlimince^  but  the  great  bulk  of  the  microzoa  must  have  lived 
on  the  spot  where  they  are  now  found.  Only  two  specimens  of 
Trochammina  infiata  were  obtained,  and  these  were  so  fragile  that 
they  went  to  pieces  at  the  slightest  touch,  probably  on  account  of 
their  being  arenaceous.  A  few  specimens  of  diatoms  were  found, 
among  which  were  the  following  species : — Triceratium  favug^  Eupo- 
discus  Argvs,  and  Actinoptychtts  spUndens ;  also  a  few  specimens  of 
echinoderms. 

A  slide  with  the  mountings  of  the  ostracoda  was  submitted  to 
Prof.  G.  S.  Brady,  who  has  kindly  given  me  the  following  list  of 
the  species  that  he  was  able  to  name : — 

List  op  Ostracoda. 

♦  Cythere  confusa^  Brady  k  Norman. 

♦  „      pellucida,  Baird. 

♦  „      porcelfanea,  Brady. 

„      Macaliana,  Brady  k  Bobertson. 
„       oblonga,  Brady. 


'  [Those  species  marked  with  an  asterisk  in  the  abore  list  have  been  recorded 
from  estuarrue  mud,  etc.  in  Holland,  in  the  neighbourhood  of  the  rirers  Sdieldi 
and  Maas.— T.  M.  B.] 
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*  Cythere  viUota,  Sars. 

,,      luien^  Muller. 
„      albomaculata,  Baird. 
„       Robertaoni,  Brady. 
Cytheridea  vunctUlatct^  Bradj. 
Eucyihere  aeclivis  (Norman). 
Loxoconcha  impresta  (Baird). 
fraffilis,Bndj. 
„         tamarindus  (Jones). 

*  Cytkerwra  angnlata^  Braidy. 

*  „        strtaia,  Sars. 

»         „        ^t^  (Muller). 
»         „        celltUota  (Norman). 

Cytherideia  BubukUa,  Brady. 

Cytheropteron,  sp.  ? 

Prof.  Brady  observes :  '  The  ostracoda  are  purely  marine,  and 
are  almost  identical  in  every  way  with  such  as  we  get  on  tho 
Northumberland  coast — in  estuarine  mud,  or  in  muddy  situations 
between  tide-marks.  Some  of  my  lists  from  such  localities  might 
be  substituted  for  yours  with  litUe  or  no  variation.' 

Scrobicularia  [pZana]- Clay 
(resting  upon  peat). 

A  mechanical  analysis  of  this  day  yielded  the  following  results : — 

Weight  before  washing 3  oz.  =  1*000 

Weight  after  washing : — 

Retained  in  the  sViiich  moeh     '0069 

M        »V    ..      0069 

M        »*       jhv  f»      i»         •0208 

Passed  the  x^v-inch  mesh,  and  deposited  by  subsidence  *7916 

Clay  =  18  per  cent. 

Dr.  Hinde  says : — <  The  sponge-spicules  from  this  material  form  a 
very  insigoif^cant  proportion  of  its  contents.  I  found  only  about  a 
dozen  fragments  altogether  in  the  coarser  sample  (y-J-^inch  mesh) ; 
these  are  for  the  most  part  trifid  spicules  of  tetractinellid  sponges 
resembling  those  of  the  recent  genns  Oeodia,  These  spicules  are 
now  opal  or  milky  white  in  appearance,  like  detached  spicules  found 
in  the  German  Senonian  or  in  our  Upper  Greensand,  where  similar 
forms  are  very  common,  and  I  should  say  that  these  Bruges  spicules 
have  been  washed  out  of  some  Cretaceous  beds.  I  find  also  one 
dermal  spicule  nnd  one  skeletal  spicule  of  a  lithistid  sponge,  having 
a  similarly  ancient  appearance  to  those  mentioned  above. 

^In  the  finer  material  (subsidence-matter)  were  some  globate 
dermal  spicules  of  ^^ta-sponges,  in  the  same  condition  as  the 
trifids,  and  there  wore  some  fragments  of  acerate  and  pin-shaped 
spicules,  probably  of  monactinellid  sponges,  which  still  retained  the 
fresh  glassy  appearance  of  recent  and  Tertiary  spicules,  and  those 
would  probably  be  of  the  same  age  as  the  diatoms  and  fresh-looking 
foraminifera  in  the  deposit. 

'  Some  of  the  diatoms  are  pyritized  like  those  found  in  the  London 
Clay  of  Kent.     I  also  noticed  detached  prisms  of  /noc«ramu5-shells 
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such  as  ocoor  in  the  Chalk,  whioh  airaulate  broken  apicoles,  and 
minute  broken  spines  of  eohinoderms  looking  very  fresh.' 
Mr.  Wright  reports  upon  this  day  as  follows : — 

Sorobioularia  plana-olhy. 

Weight,  8*7  oc  troy.  After  wuhing,  3*1  01.  fine,  ooarae  none.  Formmiiiifer% 
abiindfiJit. 

List  of  Foramikipbra. 

*  Th>ckafnmina  inflata  (Mont).    Very  common. 

*  Textnlaria  globulcsa,  Ehr.     Frequent. 
BuUmina  pupotdes,  d'Orb.     Very  rare. 

♦  „        eleffa^Uisiima,  d'Orb.    Rare. 

*  BoKvina  punctata,  d'Orb.    Rare. 

„       plicata,  d'Orb.     Very  rare. 

„       obaoleta,  Eley.    Very  rare. 

Ca.*$idulifui  craasa,  d*Orb.     Very  rare. 

*  Loffena  qlohota  (Biont).     Rare. 

♦  „      krvM(Mont.).    Frequent. 

•  „      elavata  (d'Orb.).    Frequent 

•  „      sulcata  (W.  &  J.).     Very  rare. 

„       WiUiamaoni  (Aloock).    Frequent 

•  „      squamosa  (Blent).     Rare. 

*  ,,       lavujata  (ReuM).     Frequent. 

„       OrSignyana  (Seg  ).     Very  rare. 
,    •  Nodosaria  communis,  d'Orb.     Very  rare. 

♦  Cristellaria  acutauricularis  (F.  k  M.).    Very  rare ;  large  apeoiinao. 

♦  Polgmorphina  lactea  (W.  &  J.).    Frequent 

„  lanceolata.  Reuse.     Rare. 

*  Uvigerina  asperula,  Cz.     Very  rare. 

*  „  angulosn,  Will.     Rare. 

Ghhiaerina  fmlioides,  d'Orb.  One  very  small  specimen. 
Orbulina  universa,  d'Orb.  Rare  ;  specimens  very  small. 
Discorbina  Wrii^htii,  Br.     Common. 

♦  Trutwatafina  I'ofxitula  (W.  k  J).     Rare. 

•  PulvinuUfta  Nichrliuiana  (d'Orb.).     Very  rpire. 

•  Hotalia  Beccarii  (Linn.).     Very  common. 

*  Nonionina  depres^ula  (W.  k  J.).     Extremely  abundant 

„         scapha  (F.  kM  ).     Very  rare ;  large  specimens. 
„         Boifcuna,  d'Orb.     Very  rare. 

*  Polystomella  striata -punctata  (F.  k  M.).     Extremely  abundant. 

Nonionina  depressula  and  Po/gsfomella  striato-puncfata  occurred  in  the 
greateat  profusion  ;  it  was  estimated  that  about  1 7,000  specimens  of  the  former 
and  about  ^KXJO  of  the  Intter  occurred  in  this  gathering,  while  tbe  other 
30  species  included  in  all  only  250  specimens.  The  floalings  from  which  these 
results  were  obtained  weighed  only  2^  grains. 

The  following  diatoms  were  also  plentiful  in  the  clay,  namely : — Triceratium 
favus,  Eupodiscus  Argus,  and  Actinoptychus  splendens. 

All  the  species  of  foraminifera,  with  the  exception  of  Cristellaria  acutoMri- 
eularis,  Uvigerina  aspiruia,  and  Boliviua  ohsoleta,  ha?e  been  found  off  the 
British  coast 


Physiography  of  the  Deposits,  and  Comparison  with  the 
Post-Glacial  Beds  of  Lancashire  and  Cheshire. 

From  the  regular  sequence,  nature,  and  levels  of  these  deposits  it 
would  appear  that  they  have  heen  laid  down  upon  a  land-surface 
which  gradually  subsided  and  was  flooded  by  a  shallow  sea. 

The  succession  of  the  beds  described  in  this  paper  shows  that  they 
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have  been  ushered  in  bj  a  slight  overflowing  of  the  peat  by  the  sea, 
and  a  deposit  of  clay,  which  has  allowed  the  peat  to  continue  growing 
contemporaneously  with  the  deposit  of  clay,  thus  accounting  for  the 
inosculation  and  the  irregular,  undefined  surface  of  the  peat.  The 
ground  continuing  to  sink  gradually,  the  ScrobicutaHa-alGiy  alone 
was  laid  down  in  beds  from  1  to  6  metres  thick,  according  to  the 
Belgian  Survey.  In  these  deposits,  between  tido-marks,  Scrobicu- 
laria  plana  *  flourished,  as  it  does  now  in  the  estuarine  mud  of  the 
Kiver  Mersey. 

As  the  submerged  plain  became  levelled  up  with  this  deposit  the 
sea  shallowed,  and  the  thin  bed,  usually  less  than  1  metre  thick,  of 
the  Argile  dcs  polders  inferieuro  was  deposited  in  places. 
Upon  this  was  laid  down  the  Cardium-s&nd,  so  rich  in  microzoa 
and  full  of  the  remains  of  Oardium  edale. 

This  bed,  according  to  the  Belgian  Survey  from  3  to  4  metres 
thick,  is  a  strikingly  marine  or  estuarine  deposit  probably  laid  down 
in  wator  of  greater  depth  than  either  the  previous  or  succeedinjr 
deposits.  The  water  was  again  shallowed  by  the  laying  down  of 
this  sand,  and  by  the  final  capping  with  the  Argile  des  polders 
superieure,  upon  the  seaward  margin  of  which  the  pand-dunes 
are  now  superimposed,  and  the  artificial  dykes  built. 

As  regards  these  estuarine  clays  and  silts,  the  microscopic  exami- 
nation shows  that  much  of  the  material  has  been  directly  or  in- 
directly derived  from  the  underlying  and  surrounding  Tertiary  beds, 
and  their  distinction  lies  in  the  rich  abundance  in  which  marine  and 
estuarine  foraminifera  and  other  microzoa  of  existing  species  occur. 

What  struck  me  in  these  deposits,  as  compared  with  those  that  I 
have  mapped  in  North-west  Lancashire  and  Cheshire,  is  their  great 
expansion  or  horizontal  extent  at  levels  varying  so  little,  as  is  shown 
in  the  Belgian  Survey  map.  It  would,  in  the  British  examples,  be 
impossible,  even  by  a  careful  systematic  chain  of  borings,  to  trace 
successive  zones  in  the  way  that  the  Belgian  geologists  have 
succeeded  in  doing. 

As  regards  age,  all  the  estuarine  beds  described  are  later  than 
the  peat  representing  the  old  land-surface,  and  this  peat  is  newer- 
looking  than  the  peat  of  our  Lancashire  and  Cheshire  submarine- 
forest  bed,  more  nearly  approaching  the  inland  peat  of  Altcar  and 
Martin  Mere. 

Discussion. 

Prof.  Hull  spoke. 

The  AuTttOR,  in  answer  to  Prof.  Hull,  said  that  the  peat  in  Galway 
Bay  between  tides  was  shown  to  him  by  the  late  Prof.  W.  King  as 
actually  in  process  of  growth.  While  the  peat  and  I'orcst-beds  all 
round  our  coasts  indicated  subsidence,  the  intercalation  of  thin  seams 
of  peat  in  cither  the  base  or  upper  part  of  a  purely  estuarine  deposit 
such  as  Scrohicidaria-d2L\\  a  phenomenon  often  seen,  shows  that  the 
peat  was  growing  in  slacks  on  the  shore  while  the  deposit  was  in 
process  of  formation. 

*  [8c, piperata.'] 

Digitized  by  VjOOQ IC 


582  MB.  T.  MELLAKD  BSADB  ON  HieS-LBVBL         [Aog.  1 898, 

38.  Hioh-Level  Mabikb  Dbift  at  Colwtit  Bat.     By  T.  Mbixabd 
Rbadb,  Esq.,  C.E.,  F.G.S.     (Read  June  22nd,  1898.) 

[Abetract.] 

Thb  drift-deposits  of  Colwyn  Bay  were  described  by  the  Author  in 
1885/  but  at  that  time  he  did  not  find  any  marine  drift  above  the 
200-feet  contour.  In  the  winter  of  1897-98  he  was  fortunate 
enough  to  discover  a  mound  of  marine  drift,  consisting  of  sand 
capped  with  Boulder  Clay,  at  a  level  of  560  feet  above  Ordnance 
datum.  It  is  situated  at  a  distance  of  about  1  mile  south-by-west 
of  Colwyn  Bay  rail  way -station,  the  longer  axis  running  in  a  north- 
easterly direction,  and  measuring  about  90  yards,  the  shorter  axis 
being  about  50  yards  in  lengt/h.  It  stands  upon  the  watershed  sepa- 
rating the  valleys  of  Nant-y-glyn  and  Colwyn  Bay.  It  is  evidently 
an  oiitlier  of  the  marine  drift  at  a  lower  level,  consisting  as  it  does  of 
the  same  well-rounded  grains  of  quartzose  sand,  and  containing  far- 
travelled  erratics,  among  which  are  Eskdale  and  South  of  Scotland 
granites  mixed  with  Welsh  rocks,  many  of  which,  according  to 
Mr.  T.  Ruddy,  to  whom  they  were  submitted,  came  from  the  head 
of  the  Conway  Valley.  The  interest  of  this  find  lies  in  the  appa- 
rent isolation  of  the  mound  and  its  situation  on  the  watershed  at  a 
high  level.  The  intervening  ground  between  the  mound  and  the 
marine  drift  skirting  the  coast  is  occupied  with  blue  Till,  the  pro- 
duct of  hmd-ice,  in  which  only  Welsh  rocks  are  found.  High-level 
marine  sands  are  found  flanking  the  Vale  of  Clwyd  on  the  Flintshire 
side,  but  the  Author  knows  of  no  record  of  high-level  marine  drift 
in  the  neighbourhood  of  Colwyn  Bay.  There  is  no  doubt  that  the 
formation  of  the  mound  is  geologically  subsequent  to  that  of  the 
blue  Till. 

The  Author  further  describes  stratified  marine  sands  containing 
shell-fragments,  resting  upon  brown  Boulder  Clay,  exposed  in  three 
sandpits  near  the  Old  Colwyn  Bead  at  Groes,  on  the  east  side  of 
Nant-y-«;lyn.  At  Old  Colwyn,  on  the  east  side  of  the  valley,  there 
is  a  great  development  of  a  similar  sand  lying  between  the  100-  and 
200-feet  contours,  also  containing  shell- fragments.  A  depth  of 
30  feet  of  this  sand  was  exposed  unbottomed,  and  it  is  probably  as 
much  as  60  feet  deep.  On  the  west  side  of  the  valley,  below  the 
100-leet  contour,  an  excavation  for  a  house  showed  angular  and 
subangular  gravels  of  Welsh  rocks  containing  a  lenticular  seam  of 
sand  with  rounded  grains,  and  this  appeared  to  be  a  passage  between 
the  purely  land-ice  or  fluvial  drift  and  the  geologically  overlying 
marine  sands.  It  is  a  notable  fact  that  the  marine  sands  of  Groes, 
of  Old  Colwyn,  and  of  the  Vale  of  Clwyd  lie  on  the  east  side  of 
their  respective  valle3's,  while  the  marine  Boulder  Clays  lie  to  the 
greater  extent  on  the  west  side  ;  and  that  the  marine  sands  have 
mostly  accumulated  as  bars  near  the  mouths  of  the  valleys. 

*  Quart.  Joura.  Gteol.  Soo.  vol.  zli,  pp.  102-107. 


Digitized  by 


Google 


Vol.  54.]  MABnrB  BRTFT  AT  OOLWTV  BAT.  583 

DlSOTTSSION. 

Dr.  H1CK8  thought  it  important  that  the  mound  of  high-level 
drift  in  Colwyn  Bay  shonld  be  recorded,  as  hitherto  it  does  not 
appear  to  have  been  described.  East  and  west  of  Colwyn  Bay, 
along  the  coast  of  North  Wales,  numerous  sections  of  drift  at 
the  same  and  higher  eleyations  have  been  described  by  various 
writers,  as  have  also  the  low-level  drifts  in  Colwyn  Bay. 

Mr.  600DCHILD  remarked  that  the  Author  had  referred  to  the 
deposits  as  marine,  without  giving  any  reason  in  support  of  the 
view  that  they  were  really  of  that  nature.  He  referred  to  several 
possible  explanations  of  the  occurrence  of  sands  and  gravels  in  such 
positions.  He  thought  that  they  were  englacial,  and  furnished  no 
proof  of  any  submergence. 

Prof.  Hull  concurred  with  the  Author  that  the  beds  of  gravel  which 
he  described  were  of  marine  origin,  and  that  (as  a  previous  speaker 
had  stated)  they  belong  to  the  series  of  stratified  deposits  at  various 
points  and  levels  all  along  the  flanks  of  the  North  Welsh  hills.  The 
Author  had  not  indicated  the  presence  of  sea-shells ;  but  that  was  no 
objection  to  the  view  of  the  marine  origin  of  the  beds.  All  beds  of 
gravel  on  our  shores  do  not  necessarily  contain  shells ;  and  if  shells 
had  originally  existed  they  may  have  been  dissolved  away  by  the 
percolation  of  acidulated  rain-water  during  a  period  of  thousands  of 
years.  As  regards  the  view  that  the  shell- bearing  gravels  of  North 
Wales  had  been  pushed  up  into  their  places  by  an  ice-sheet  from 
the  Irish  Sea,  he  wished  to  remind  geologists  that  Sir  Andrew 
Ramsay  had  shown  that,  while  the  northern  ice-sheet  had  crossed 
the  comparatively  low  ground  of  Anglesey  (in  a  south-westerly 
direction,  as  indicated  by  the  strisD  on  the  rocks),  it  had  never  invaded 
the  Caernarvonshire  mountains ;  while,  on  the  other  hand,  he  had 
recognized  the  shelly  gravels  as  evidence  of  submergence  to  the 
extent  of  1200  and  loOO  feet  as  compared  with  the  present  sea-level. 
No  authority  was  more  competent  to  determine  these  physical 
questions  as  regards  North  Wales ;  and  in  the  speaker's  opinion 
Uiese  views,  and  no  others,  could  adequately  explain  the  presence 
of  stratified  gravels  on  the  flanks  of  the  Welsh  mountains. 

Mr.  A.  £.  Salteb  would  like  to  hear  from  the  Author  what 
definite  evidence  there  was  in  favour  of  a  marine  origin  of  this 
deposit.  In  the  Thames  Basin,  drifts  containing  a  series  of  erratics 
similar  to  those  exhibited  could  be  traced  in  a  north-westerly  direction 
as  far  as  the  gap  in  the  Oolitic  strata  at  Moreton-in-the- Marsh,  at 
heights  up  to  300  or  400  feet  above  O.D.  like  many  drift-deposits 
farther  south,  this  one  was  on  a  wat'Orshed  and  may  have  had  an 
origin  similar  to  theirs :  that  is,  the  drift-gravels  had  protected  the 
soft  underlying  strata,  while  softer  rocks  around  had  been  denuded 
away. 

The  Rev.  J.  F.  Blaxe  also  spoke. 

The  Author  said  that,  although  he  had  not  found  marine  shells 
in  the  drift  of  the  mound,  itB  structure  and  composition  satisfied 
him  that  it  is  an  outlier  of  the  marine  drift  found  at  lower  levels 

aJ.G.S.  No.  216.  2  s 


Digitized  by 


Google 


584  HieH-LEYXL  XABIHB  DBITT  AT  TOI.WTR  BAT.      [Aog.  1S98. 

at  Colw3m  Bay,  in  which  it  in  well  known  that  marine  shells  occur, 
and  in  which  he  had  preyed  that  foraminifera  were  to  be  found 
in  abundance.  The  sand  is  quartzosc,  well  rounded,  and  full 
of  Lake  District  erratics,  and  all  these  materials  must  have  oome 
seawards.  This  marine  drift  rests  upon  a  grey  Till  full  of  Welsh 
rocks  in  which  no  erratics  occur.  No  one  in  the  least  acquainted 
with  the  two  types  could  mistake  one  drift  for  the  other.  His 
object  in  writing  the  paper  was  to  record  facts  ;  but  as  the  question 
of  land-ice  versus  submergence  had  been  raised,  he  could  only  say 
that  all  the  facts  which  he  had  gathered  in  his  study  of  the  high- 
level  drift  during  the  last  25  years  were,  in  his  opinion,  distinctly 
in  favour  of  submergence.  The  underlying  Till  he  considered  to  be 
a  product  of  land-ice. 
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I.  Introduction. 

After  the  appearance  of  Bnckland's  'EeliquisB  Dilayianse/  the 
higher  gravels  of  this  district  were  for  a  time  somewhat  neglected. 
Much  has  now  heen  done  in  the  Geological  Survey  Memoir  by 
Mr.  Whitaker,  and  in  papers  by  the  late  Sir  J.  Prestwich,*  Messrs. 
H.  W.  Monckton,"  H.  J.  0.  White,"  A.  E.  Salter,*  and  other 
observers  to  throw  light  upon  the  interesting  and  difficult  questions 
connected  with  the  later  physical  history  of  this  part  of  England. 
It  has  been  found  convenient  in  the  present  paper  to  refer  to  these 
gravels  as  a  whole,  but  to  treat  more  briefly  those  points  which  have 
been  already  discussed. 

II.  Thb  Pbbble-g ravel. 

This  term  is  used  for  the  deposits,  composed  very  largely  of  flint- 
pebbles,  which  are  found  on  the  higher  slopee  of  the  Chiltern  Hills, 
resting  on  Lower  Tertiary  outliers. 

A  familiar  example  of  this  gravel  is  that  at  Nettlebed,  which  has 
been  fully  described  by  Sir  J.  Prestwich  and  Mr.  White  (ap,  cit). 
It  may  be  seen  at  various  places  on  the  plateau  in  the  neighbour- 
hood of  Cadmore  End  and  Lane  End,  near  High  Wycombe,  by 
surface-indications  ;  also  at  Coleshill,  near  Amersham,  at  which 
locality  there  is  a  very  good  section,  showing  about  5  feet  of  the 
gravel,  but  at  a  lower  level  (500  feet  above  Ordnance-datum). 

The  composition  of  the  gravel  will  be  seen  from  the  following 

*  •On  the  WesUetonBeds,  etc.,*  Quart.  Joam.  Geol.  Soc.  vol  xhi  (1890) 
pp.  84  &  120. 

2  'On  Boulders  &  Pebbles  from  the  Glacial  Drift,'  ibid,  voL  xlix  (1893) 
p.  308 ;  and  Proc.  Geol.  Assoc,  vol.  xii  (1891)  p.  108. 

«  Proc.  Geol.  Assoc,  vol.  xii  (1892)  p.  379,  vol.  xiv  (1894)  p.  11,  and  vol.  xv 
(1897)  p.  157. 

*  *  Pebbly  Gravel  from  Goring  Gap  to  the  Norfolk  CJoast/  ibid.  voL  xiy 
(1896)  pp.  389-404. 

Q.  J.  G.  S.  No.  216.  2  t 
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table,  which  states  the  percentage  of  tiie  various  stones  in  the 
samples  examined : — 


Chequers 

fitrm 

(600  feet). 


Cadmore 

End 
(eOOjeet). 


Lane 

End 

(600  feet). 


ColeshiU 
(500  feet). 


Flint-pebbles    

Subangular  flints  of  small  size. . . 

Small  quartz-pebbles  

Sareen   

Lydite(?) 

Friable  rocks   


Per  cent 
85 
9 
6 


Percent. 

85 

4 

10 


1 


Per  cent. 

75 

20 

3 

1 
1 


Per  cent. 

88 

10 

2 


A  pebble  of  chert,  from  the  gravel  at  Nettlebed,  was  submitted 
to  Dr.  G.  J.  Hinde,  F.R.8.  He  found  it  to  be  '  packed  full  of  the 
detached  spicules  of  various  forms  of  siliceous  sponges — simple 
needles,  trifid  spicules  of  tetractinellid  sponges,  also  hexactinellid 
spicules.  There  are  no  forms  sufficiently  distinctive  to  determine 
the  formation  from  which  the  chert  may  have  come,  but  not 
improbably  it  is  of  Carboniferous  Limestone  age.'  Dr.  Hinde 
informs  me  that  there  are  pebbles  of  the  same  kind  of  sponge-chert 
in  gravels  of  the  so-called  •  Westleton  Beds '  at  Potter's  Bar. 

This  gravel  is  included  in  the  'Westleton  Shingle'  of  Sir  J. 
Pre^twich.  That  term  has  not  been  adopted  here,  not  from  any 
want  of  respect  to  the  judgment  of  so  eminent  a  geologist,  but  in 
order  that  the  facts  may  be  more  conveniently  presented. 

Looking  at  the  waste  that  it  has  undergone,  its  elevation,  and  its 
composition  (which  approximates  to  that  of  the  Eocene  pebble-beds), 
it  must  certainly  be  regarded  as  an  old  deposit.  Whether  it  is  an 
extension  of  the  Westleton  Beds  is  a  point  upon  which  I  do  not 
feel  competent  to  ofi'er  an  opinion.  A  section,  apparently  of  the 
latter,  which  was  seen  in  the  cliff  near  Southwold,  was  not  unlike 
it  in  general  composition,  except  that,  in  the  portion  examined, 
more  than  half  the  stones  were  subangular.  This  is  not  exactly 
what  one  would  expect  to  see  if  the  land  lay  farther  west,  and 
if  both  deposits  were  laid  down  in  the  same  sea. 

ni.  The  Gorino  Gap  Gravkl. 
The  last  summit  of  the  Chilterns  at  Woodcx)te  is  capped  by 
gravel  which  may  be  seen  in  an  old  gravel-pit  opposite  the  inn,  at 
a  level  of  a  little  over  600  feet.  This  has  been  fully  described  by 
other  observers.  It  may  be  convenient,  however,  to  state  here  its 
composition,  as  arrived  at  by  counting  the  stones  in  a  portion  of 
the  gravel:-  p^^^^ 

Flint-pebbles 42 

Subangular  flints  52 

Quartz- pebbles  8 

Sarsens    , 0*5 

Pale  quartzites  05 

Sandstone  and  other  eedimentnry  rocks 1 

Chert  1 
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About  2  miles  north-east  of  Greenmoor  Hill,  and  at  about  the 
same  level,  is  the  small  patch  of  gravel  which  has  been  described 
by  Messrs.  Monckton  &  Herries  ^  and  by  Mr.  H.  J.  0.  White.'  The 
proportion  of  subangular  flints  appears  to  be  the  same  here  as  at 
Woodcote. 

A  mile  south-west  of  Greenmoor  Hill,  where  'Cold  Harbour' 
is  marked  on  the  Ordnance-map,  the  fields  are  thickly  strewn  with 
a  somewhat  similar  gravel,  but  it  has  no  depth.  The  level  at  this 
place  is  541  feet  above  Ordnance-datum. 

The  composition  of  these  deposits  is  consistent  with  a  fluviatile 
origin ;  and  their  position,  so  near  the  present  breach  in  the  escarp- 
ment at  Goring,  has  led  me  to  suggest  that  they  may  be  the  relics 
of  an  old  river — possibly  an  early  stage  of  the  Thames. 

IV.  The  Quartzose  Gravel. 

At  a  lower  level  than  any  of  the  gravels  hitherto  described  occurs 
a  deposit  which,  as  it  invariably  contains  a  large  percentage  of 
quartz-pebbles,  I  have  called  the  Quartzose  Gravel,  and  this  name 
enables  me  to  refer  to  it  without  making  any  assumption  regarding 
its  precise  age.  This  and  the  two  gravels  already  described  make 
up  the  '  Westleton  Shingle '  of  Sir  J.  Prestwich.  A  section  of  the 
Quartzose  Gravel  may  be  seen  in  a  pit  at  the  northern  comer  of 
College  Wood,  about  a  mile  north-east  of  Greenmoor  Hill,  near  the 
point  marked  '  Lodge '  on  the  Ordnance-map.  It  occupies  the  higher 
part  of  the  Goring  Heath  plateau,  at  a  level  of  about  475  feet  above 
Ordnance  datum.  Purple  and  brown  quartzite-p^bbles  occur  here, 
but  in  small  proportion.  Two  fragments  of  old  rock  were  found  to 
contain  the  impressions  of  fossils,  one  of  which  appeared  to  be  an 
Orthoceraa.  A  somewhat  similar  gravel  caps  the  Tertiary  outlier  of 
BasDdon,  at  466  feet  above  Ordnance-datum,  on  the  other  side  of  the 
Thames ;  but  it  contains  more  of  the  purple  and  brown  quartzite- 
pebbles,  and  on  that  account  some  hesitation  is  felt  in  classifying  it. 
It  has  in  fact  been  claimed  both  as  Westleton  and  as  Glacial  graveL 
At  a  level  only  a  few  feet  lower  down,  it  is  succeeded  by  a  gravel 
in  which  the  purplish  quartzites  are  abundant,  thus  presenting 
conditions  similar  to  those  which  were  observed  at  College  Wood. 
(See  fig.  1,  p.  588.) 

The  gravel  on  Ashley  and  Bowsey  Hills,  pear  Wargrave,  has  been 
fully  described  by  the  late  Sir  J.  Prestwich^  and  others.  It  is  of  the 
quartzose  type.  The  height  of  these  hills  is  stated  as  480  feet  and 
467  feet  respectively.  Purple  and  brown  quartzite-pebbles  occur 
here,  but  they  are  rare,  especially  those  of  a  larger  size. 

The  subjoined  table  (p.  589)  will  give  an  idea  of  the  composition  of 
this  gravel.  The  averages  are  obtained  by  counting  the  stones  in  a 
representative  portion  of  the  gravel,  and  this  method  has  been 
foUowed  in  all  cases.    The  gravel  at  Merrill  Hill,  Hatfield  (380 

*  Proo.  Geol.  Assoc,  vol.  xii  (1891)  p.  112. 

2  Ibid,  voLxiv(1894)p.  11. 

'  Quart.  Joura.  Geol.  See.  vol.  xl?i  (1890)  p.  141. 
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feet   above  Ordnance  datiim),  and  that   at  Bell  Bar  (378   feet) 
have  been  included  for  purposes  of  comparison : — 


Flint-pebbles I       13 


Subangular  flints 
I  Quartz-pebbles 
t  Do.      (vitreous); 

'  Sandstone   

I  Soft  do 

I  Purple  quartzite 

1   Brown      do 

!  Pale  do 

'  Chert,  etc 

1  Ljdite 

I  Grit 

I  Shale,  etc    

,  Chalk   and    other  1 

soft  rocks    J 

I  Sarsens 


College 

Sasildon 

Bovosey 

Ashley 

Merrill 

BeU 

Wood. 

HUL 

HiU. 

mi. 

Bar, 

Percent. 

Per  cent. 

Percent 

Percent. 

Per  cent. 

Percent. 

13 

7- 

35 

36 

47 

37 

23 

12. 

173 

19 

2 

5 

28 

33j 

29 

21 

28 

27 

9 

7 

8 

7 

9. 

5 

li 

10 

li 

4 

8 

1 

4 

1 

... 

... 

... 

2 

i 

i 

... 

... 

1* 

1 

. 

1 

1 

1 

4 

n 

6 

6 

4i 

9 

f 
6 

4 

3 

2 

2 

"bi 

... 

3 

IJ 

1 

1 

3 

••• 

i 

4 

i 

i 

... 

... 

1 

1 

1 

... 

... 

... 

... 

When  we  consider  the  great  variety  of  material  composing  this 
gravel,  and  that  sometimes  more  than  half  of  this  is  not  flint, 
there  seems  to  be  some  ground  for  supposing  that  it  was  formed 
under  conditions  different  from  those  which  prevailed  when  the 
pebble-gravel  was  accumulated.  The  quartz-pebbles  are  frequently 
more  numerous  than  those  of  flint,  and  some  of  the  quartz-pebbles, 
as  mentioned  by  Mr.  Salter,'  are  not  of  the  ordinary  opaque  kind, 
but  transmit  a  certain  amount  of  light,  sometimes  haviug  a  quasi- 
granular  appearance.  This  gravel  also  contains  a  varying — but 
always  a  small,  sometimes  a  very  small — proportion  of  brown  or 
purplish  quartzite- pebbles,  resembling  those  from  the  Bunter  con- 
glomerate. It  is  also  in  some  places  closely  associated  with  deposits 
recognized  as  Glacial. 

It  is  natural  to  ask  from  what  source  or  sources  the  characteristic 
materials  of  this  gravel  have  been  derived.  In  order  to  ascertain 
whether  the  Ardennes  were  a  probable  source,  I  visited  that  dis- 
trict, and  showed  a  few  pebbles  from  Bowsey  Hill  to  Prof. 
Dewalque,  at  Liege.  He  informed  me  that  some  pebbles  of  grey 
grit  might  be  Gedinnian,  and  I  afterwards  noticed  the  same  resem- 
blance in  rocks  of  that  age  near  Vireux  and  elsewhere ;  but, 
taking  the  hard  rocks  of  the  Ardennes  as  a  whole,  it  did  not 
appear  to  me  necessary  to  conclude  that  they  had  furnished  much, 
if  any,  of  the  materials  of  the  gravel. 

The  high-level  gravels  near  Liege  proved  to  be  of  interest. 
A  deposit  at  Crotteaux  contained  about  50  per  cent,  of  quartz- 
pebbles,  of  which  some  were  of  the  vitreous  kind.  This  variety  of 
quartz  occurs  in  the  Norfolk  Porest  Bed ;  but  it  is  found  also  in  the 


^  Proc.  Geol.  Assoc,  vol  xiv  (1896;  p.  389. 
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W.  Monckton  has  described  its  occurrence  on  the  Tile- 
1  Goring  Heath  plateaux.^     In  the  district  to  which  reference 

n  this  paper  it  ranges,  roughly  speaking,  from  200  to  400 
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posit  on  the  summit  of  Streatley  Hill  (Common  Wood), 

■)50  feet  above  sea-level,  has  been  described  by  Mr.  H. 

0,^  who  notes  the  occurrence  therein  of  red  quartzibe- 

Vt  a  level  of  a  little  over  630  feet,  near  the  road  from 

Aldworth,  there  is  a  gravel-pit  on  the  golf-links  which 

orked  to  a  depth  of  about  6  feet.     About  one-half  of 

ore  consists  of  rather  large  rolled  Eints,  with  a  few  flint- 

a  quantity  of  small  quartz-pebbles.      There  are  also 

large  size  and  of  Hunter  character,  although  these  are 

numerous,  and  some  fairly  large  masses  of  sarsen- 

^ratification  is  not  very  pronounced,  but  follows  the 

11.     The  association  of  the  small  quartzite-pebbles 
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Bunter  Beds,  in  the  surface-gravel  of  the  Lickey  Hills,  in  the 
Faringdon  Greensand  gravel,  and  in  the  Berkshire  gravels.  This 
deposit  therefore  seems  to  afford  evidence  that  part  of  the  material 
of  these  gravels  has  heen  derived  from  the  hreaking-up  of  older 
pebble-beds. 

One  sonrce  of  the  foreign  material  in  the  Quartzose  Gravel  might 
perhaps  be  indicated  in  the  Lower  Greensand.  The  pebble-beds 
belonging  to  this  formation  have  been  described  by  the  late  W. 
Keeping,^  and,  judging  from  his  description,  we  have  in  those  beds 
an  assemblage  of  rocks  very  similar  to  that  which  occurs  in  the 
Quartzose  Gravel. 

Similar  pebble-beds  nearer  to  our  own  area,  and  now  removed 
by  denudation,  may  have  furnished  much  of  the  material  of  that 
gravel.  A  relic  of  such  beds  still  exists  at  Faringdon  in  Berkshire. 
The  sponge-beds  at  that  locality  contain  small  pebbles  which  I  found 
to  be  in  the  following  proportion : — 

Percent. 

Flint  or  flinty  chert 25 

Variegated  cnert 16 

Hard  pale  sandstone 1 

Quartz    35 

Quartzito    8 

Subangular  chert  1 

Ironstone-grit    1 

Coarse  quartx-grit 1 

Grey  and  brown  grit 7 

Compact  sedimentary  rock  3 

Lydite 2 

There  is  here  the  same  general  resemblance  to  the  material  of 
the  Quartzose  Gravel,  and  that  resemblance  roughly  holds  good  for 
the  relative  proportion  of  quartz-pebbles,  quartzites,  and  grits.  The 
red-and-black  variegated  chert,  however,  has  not  yet  been  noted  in 
the  Quartzose  Gravel. 

Another  possible  source  of  some  of  the  constituent  materials  of 
this  gravel  has  been  suggested  by  Mr.  A.  E.  Salter."  He  considers 
that  they  may  have  been  derived  by  re-deposition  from  an  old  river 
formerly  draining  Dorset  and  Devon,  and  connects  them  with  the 
gravel  on  Blackdown  Hill,  regarded  by  Mr.  Clement  Eeid  as  of 
Bagshot  age.^     On  this  matter  I  do  not  venture  an  opinion. 

y.  The  Quartzite-gravel. 

Under  this  name  I  refer  to  the  gravel  which  is  generally,  and 
perhaps  properly,  called  *  Glacial.'  In  composition  it  is,  to  some 
extent,  a  repetition  of  that  just  described,  but  the  brown  and  purple 
quartzites  are  a  more  conspicuous  element,  and  the  material  on  the 
whole  is  of  a  larger  size.  It  has  also  a  .wider  range,  at  least  in  a 
north-westerly  direction ;  for  I  have  not  observed  the  Quartzose 
Gravel  on  that  side  of  the  Goring  gorge. 

1  Geol.  Mag.  1880,  p.  414. 
a  Proc.  Geol.  Assoc.  Tol.  xt  (1898)  p.  264. 

8  'The  Eocene  Deposits  of  Dorset/  Quart.  Joum.  Gteol.  Soci  vol.  lii  (1896) 
pp.  490-496. 
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Mr.  H.  W.  Moncktoa  has  described  its  occurrence  on  the  Tile- 
huret  and  Goring  Heath  plateaux.^  In  the  district  to  which  reference 
is  made  in  this  paper  it  ranges,  roughly  speaking,  from  200  to  400 
feet  above  the  present  level  of  the  Thames. 

The  deposit  on  the  summit  of  Streatley  Hill  (Common  Wood), 
at  about  550  feet  above  sea-level,  has  been  described  by  Mr.  H. 
J.  0.  White,'  who  notes  the  occurrence  therein  of  red  quartzite- 
pebbles.  At  a  level  of  a  little  ov^er  530  feet,  near  the  road  from 
Goring  to  Aidworth,  there  is  a  gravel-pit  on  the  golf>links  which 
has  been  worked  to  a  depth  of  about  6  feet.  About  one-half  of 
the  gravel  here  consists  of  rather  large  rolled  Eints,  with  a  few  flint- 
pebbles  and  a  quantity  of  small  quartz-pebbles.  There  are  also 
quartzites  of  large  size  and  of  Hunter  character,  although  these  are 
not  relatively  numerous,  and  some  fairly  large  masses  of  sarsen- 
stone.  The  stratification  is  not  very  pronounced,  but  follows  the 
slope  of  the  hill.  The  association  of  the  small  quartzite-pebbles 
with  the  larger  material  may  indicate  the  re-arrangement  of  an 
older  deposit. 

Another  interesting  section  occurs  at  the  brick-kiln  near  Kiln 
Farm,  Upper  Basildon,  at  a  level  of  about  455  feet.  This  is  only 
about  10  feet  below  the  hiUtop,  where  the  gravel,  although  con- 
taining a  few  quartzites  of  Bunter  character,  is  generally  of  the 
quartzose  type,  and  has  been  already  mentioned  (p.  587).  The 
section  seen  at  the  kiln  was  5  or  6  feet  thick,  and  consisted  of 

Buff  clay  with  few  pebbles ; 

Pebbly  clay,  becoming  ferruginouB  and  sandy  at  the  base,  OToriying 

Woolwich  &  Beading  Clay. 

The  gravel  here  contains  only  1 5  per  cent,  of  flint  and  a  large 
proportion  of  purple  and  brown  quartzites.  The  pebbles  are  in  places 
embedded  in  a  red  day  resembling  the  matrix  of  the  Clay-with- 
flints.  The  deposit  is  of  variable  thickness,  and  appears  to  lie  in 
hollows  of  the  surface. 

This  section  illustrates  the  dose  relationship  existing  between  the 
Quartzite-gravel  and  the  Quartzose  Gravel.  The  sudden  appearance 
of  a  deposit  containing  so  large  a  proportion  of  quartzites  of  Bunter 
character  is  also  remarkable  as  occurring  in  a  Cretaceous  district, 
the  proportion  of  flint-material  being  really  insignificant.  The 
deposit,  however,  does  not  suggest  ordinary  sedimentary  action.' 

A  section  in  this  gravd  at  Eose  Hill  Kiln,  near  Caversham,  at  a 

1  Quart.  Joum.  Geol.  Soc.  toL  ilii  (1893)  p.  308. 

*  Proc.  Geol.  Assoc.  toL  xiy  (1894)  p.  22. 

'  [It  is  probable  that  the  grarel  at  this  level  was  not  seen  fav  Sir  J.  Prestwioh. 
Mr.  H.  J.  O.  White  {op.jum  cit.)  remarks  that  the  Upper  Basildon  deposit  is 
'  undoubtedly  Glacial.  That  is  especially  true  of  the  section  under  considera- 
tion, and  might  also  be  said  of  the  gravel  on  the  hilltop.] 
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level  of  about  308  feet  above  Ordnance-datum,  points  to  a  further 
change  in  the  physical  conditions  at  the  later  date  indicated  by  the 
lower  level,  inasmuch  as  we  meet  with  unequivocal  indications  of  the 
results  of  glacial  action.  The  section  shows  a  thickness  of  about 
7  feet  of  a  reddish  and  rather  loamy  sand,  in  the  lower  part  of 
which  there  is  a  layer  of  pebbles  and  other  large  material  rather 
promiscuously  arranged.  Besides  the  pebbles  of  Bunter  character 
there  are  subangular  fragments  of  quartz,  sedimentary  rock,  and 
igneous  rock,  such  as  might  have  been  derived  from  the  wasting  of 
Boulder  Clay  or  have  been  transported  by  ice. 

I  submitted  to  Prof.  Bonney  a  few  characteristic  pebbles  and 
three  fragments  of  igneous  rock  from  this  section.  His  remarks  on 
them  are  as  follows : — 

*  1.  Slightly  felspathic  grit  or  quartzite.     Might  have  come  from 

the  Bunter. 

'  2f  3,  4.  Varieties  of  felspathic  grit.  Similar  varieties  occur  in 
the  Bunter  and  at  Budleigh  Salterton. 

'  6.  Fine-grained  quartzite.  Appears  identical  with  the  liver- 
coloured  quartzite  of  the  Midland  Bunter,  which  I  have  also 
found  at  Budleigh  Salterton. 

*6.  A  rather  light  variety  of  the  liver-coloured  quartzite,  but 
with  a  verj'  typical  fracture. 

*  7.  Another   fine-grained   quartzite.      Might  have   come  from 

either  locality. 
*8.  Vein-quartz   [purple].      Plenty   like    this  in  the  Midland 
Bunter,  also  iu  the  Devon  pebble-beds. 

*  9.  Appears  to  be  a  felstone.     Perhaps  might  be  Welsh. 

*  10.  Seems  to  be  a  compact  felstone,  once  x>erhap8  an  andesite. 

Probably  Welsh. 

*  11.  The  hand-Bpecimen  is  of  a  rather  light  greenish-grey  colour, 

weathering  to  a  whitish  tint,  but  occasionaUy  spotted  with 
brown  and  similarly  stained  on  a  joint-face  (from  limonite). 
If  I  had  found  this  specimen  in  Staffordshire,  Shropshire, 
or  Worcestershire,  I  should  have  referred  it  without  hesita- 
tion to  Wales,  probably  the  Arenig  district. 

*  Examined  with  the  microscope,  the  rock  proves  to  be  a 
devi trifled  rhyolite,  with  very  well-marked  fluxion-structure, 
one  constituent  being  slightly  ferrite-stained,  and  in  this  are 
brownish  patches,  due  no  doubt  to  the  formation  of  limonite. 
This  groundmass  is  speckled  over  with  a  green  mineral,  the 
larger  flakes  of  which,  at  any  rate,  are  a  chlorite.  Scattered 
in  this  are  a  few  grains  of  an  iron-oxide  and  one  or  two 
nf  t  very  well-formed  crystals  of  a  rather  decomposed  felspar, 
probably  orthoclase.  The  slice  also  contains  a  cavity,  the 
walls  of  which  are  now  covered  with  small  crystals  of  quartz 
with  some  felspar,  and  the  interior  is  filled  up  by  a  chlorite.' 
Prof.  Bonney  adds : — 

*  I  think  that  there  can  be  no  doubt  that  certain  of  the  quartzites 
are  from  the  Bunter,  or,  at  any  rate,  are  the  types  which  occur 
there,  particularly  the  liver-coloured,  which  in  England,  so  far  as  I 
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know,  are  only  found  in  the  Triassic  pebble-beds.  I  am  told  that 
this  qoartnte  is  in  situ  in  the  Isle  of  Jura  (Hebrides).  The  quartz- 
felspar  grits,  though  not  typical  Torridonian,  are  very  probably 
from  the  Bunter,  but  rock  somewhat  of  this  tjrpe,  which  occMionally 
comes  very  near  normal  Torridonian,  occurs  in  situ  in  the  north- 
western Longmynds/ 

The  foU owing  table  will  show  the  composition  of  the  Quartzite- 
gravel  at  different  localities  in  the  district  under  review : — 


Flint-pebbles    , 

Subangular  flinU 

Quartz-pebbles,  opaque 
Do.  Titreous 

Quartzite-pebbles,  grey,  etc. 
Do.  brovTD  & 

purple   

Grit   

Sandstone 

Soft  rooks 

Ljdite   

Subangular    tedinaentary 

rock    

Igneous  rocks   

Chert  and  jasper 

Slate,  etc 

Conglomerate   


*^ 

C) 

e«=i 

<^ 

c^' 

c5 

■1 

§S 

0 

0 

0 

II 

1^ 
1^ 

1"^ 

^^ 

f§ 

E^ 

f§ 

^ 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Percent. 

13 

3 

7^ 
56. 

14 

8 

34 

12i 

14i 

37 

23 

26 

IL 

r 

18 

16 

10 

8 

1 

r 

3 

3 

2 

19 

8 

7 

6 

4 

17 

10 

22 

18 

3 

9i 

2 

9 

4 

5 

3 

2 

3 

5 

1 

i'i 

2 

6 

1 

1 

1 

"2 
3 

H 

... 

4 

1 

... 

... 

li 

1 

Gravel  of  a  quartzitic  character  is  abundantly  scattered  over  the 
fields  between  Stonesfield  and  Charlbury  at  about  500  feet  above 
sea-level ;  and  it  was  observed  at  Leafield,  above  Wychwood 
Forest,  at  550  feet,  on  the  ridge  between  the  Windrush  and  the 
Evenlode.  In  the  higher  Windrush  valley  it  is  absent.  At 
Bourton-on-the-Water,  a  valley-gravel,  at  a  level  of  about  430  feet 
above  Ordnance-datum,  appeared  to  consist  entirely  of  materials 
derived  from  the  Cotteswolda.  The  quartzites,  however,  are 
abundant  in  the  Evenlode  valley.  No  section  was  seen,  but  at 
Adlestrop  the  surface  of  a  field  at  a  level  of  460  feet  above 
Ordnance-datum  showed  that  only  about  one-third  of  the  gravel 
consisted  of  local  Oolitic  material,  the  remainder  being  pebbles  of 
quartz,  quartzite,  grit,  etc. 

At  Moreton-in-the-Marsh  there  is  a  large  gravel-pit  near  the 
cemetery,  |  mile  east  of  the  town.  It  is  only  about  30  feet  above 
the  source  of  the  Evenlode ;  but,  as  it  lies  on  the  watershed  common 
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to  the  Avon  and  Evenlode,  it  is  of  interest.  It  is  also  remarkable, 
inasmuch  as  one-third  of  the  gravel  consists  of  snbangolar  flints ; 
but  there  is  a  still  lai^er  proportion  of  quartzite-pebbles.^  There 
are  indications  at  Batsford,  near  Moreton,  that  the  Qaartzite-gravel 
may  have  reached  the  level  of  612  feet  above  Ordnance-datum,  but 
they  are  superficial  only. 

Quartzite-gravel,  then,  is  not  confined  to  the  Thames  Valley 
system.  It  was  noticed  at  Shipston-on-Stour,  and  a  gravel  of  the 
Avon  at  Evesham  was  found  to  contain  43  per  cent,  of  quartzite- 
pebbles.  These  pebbles  could  be  traced  along  the  Salwarp  Yalley 
to  the  Lickey  district,  where  there  is  an  outcrop  of  Bunter  Con- 
glomerate, from  which  they  may  have  been  derived.  No  section  of 
the  Conglomerate-beds  was  seen,  but  the  slopes  of  the  Lickey  Hills 
are  mantled  by  gravel  which  consiste  almost  entirely  of  re-arranged 
Bunter  pebbles.  For  purposes  of  comparison  the  Bunter  Beds 
at  Repton  (Derbyshire)  were  examined.  The  following  is  the  result 
of  the  examination  of  the  materials  at  various  localities : — 


Flint-pebbles    

Subangular  flints 

Quartz-pebbles 

Do.  Titreous 

Quartsites,  purple  &  brown 

Do.        pale 

Grit   

Sandstone 

Lydite,  etc 

Igneous  or  Arcbsean  rocks. 

Conglomerate   

Schist,  shale,  etc 

Subangular  rock 

Chert    


.1 


Per  cent. 

33 
6 


f5 


Per  cent, 

6 
9 
6 

43 
6 
9 


3 

18 


0; 


Per  cent. 
"4 


34 

11 

6 


r 


Per  cent. 


11 

6 

50 

18 

6 


I 


Per  cent. 

3 

12i 
25 

8 
17 
19 

^3* 

H 


H 


These  facts  support  the  view  which  has  been  long  held,  that  the 
Quartzite-gravel  of  the  Thames  Valley  has  derived  part  of  its 
material  from  the  waste  of  Bunter  Beds  in  the  Midlands.  Much  of 
this  material  probably  arrived  through  a  gap  in  the  escarpment  near 
Moreton-in-the-Marsh,'*  but  of  course  under  physical  conditions 
different  from  those  now  existing  there ;  and,  as  the  later  stages  of 

^  This  section  was  figured  and  described  by  the  late  W.  C.  Lucy  in  *  Grayels 
of  the  Severn,  Avon,  &  Evenlode,'  Proo.  Cotteswold  Nat.  Club,  voL  v  (1869) 
pp.  71-125. 

«  [See  also  H.  J.  O.  White,  Proc.  GeoL  Assoc,  vol.  xv  (1897)  pp.  160  etsegq.] 
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this  gravel  dearly  indicate  ioe-action,  we  have  in  that  alone  an 
agent  sufficient  to  account  for  the  changes  that  have  taken  place. 

It  may  he  useful  to  note  the  height  ahove  sea-level  reached  hy 
this  gravel  at  various  points  in  or  near  the  Thames  Valley,  with 
the  approximate  height  ahove  the  present  river-level : — 

Above  Above 

tea-level.  river-level. 

Foot.  Feet. 

Batgford.  near  Moreton   612  220 

Leafield  (Oxon) 650  300 

Streetley  Hill    544  400 

Upper  BaBildon  KUn    460  330 

Tilehurst    341  220 

Boee  Hill,  Caveraham  308  187 

At  Batsford  the  only  evidence  of  the  former  existence  of  this 
gravel  is  the  surface  of  a  field ;  this,  therefore,  must  he  taken  with 
some  reserve.  In  the  admirahle  map  accompanying  Mr.  W.  C.  Lucy's 
paper  (op.  jam  cit.)  '  Northern  '  gravel  is  shown  as  occurring  at  Stow- 
on-the-Wold  and  Chipping  Norton  at  750  feet  above  sea-leveL  At  the 
last-named  locality,  however,  I  failed  to  discover  any  sign  of  such 
gravel ;  and  at  Stow-on-the-Wold  I  observed  only  a  few  pebbles  lying 
on  the  surface  under  conditions  which  suggested  that  they  might  have 
been  introduced  by  human  agency. 

Taking,  however,  the  level  at  Batsford  as  a  probable  one  for  this 
gravel,  it  will  be  seen  that,  assuming  that  there  has  been  no  depres- 
sion since  its  deposition,  the  fall  of  the  present  river  is  much  greater 
than  was  that  of  the  old  waterway,  which  may,  if  of  freshwater 
origin,  have  been  a  chain  of  lakes. 


YI.  Thb  Rblation  of  thb  QirABTziTB-eBAVEL  TO  Gravels 
OF  Local  Obioin. 

In  the  neighbourhood  of  Goring  and  Pangboume  the  Quartzite- 
gravel  is  closely  associated  with  deposits  of  a  wholly  different 
character  and  origin. 

On  the  western  slopes  of  the  Chiltems  there  is  a  spread  of  gravel 
consisting  almost  wholly  of  flint,  and  mostly  angular  or  subangular, 
which  ranges  from  Little  Stoke  and  Ipsden  in  a  northerly  direction 
to  the  neighbourhood  of  Watlington,  as  shown  in  the  accompanying 
sketch-map  (PL  XXVIII).  It  occupies  a  plateau  at  a  height  of 
about  350  feet  above  sea-level,  and  about  200  feet  above  the  river 
Thames,  in  places  forming  a  deposit  10  or  14  feet  thick.  It  is 
worked  for  road-material  north  and  south  of  Ewelme,  and  at  Turner's 
Court,  near  Walliugford. 

At  the  latter  place  the  excavation  is  carried  down  to  a  reddish, 
coarse,  sandy  loam.  At  one  point,  however,  the  bottom  was  seen 
to  consist  of  a  fine  rubble  of  flint  and  chalk.  The  gravel  b  of 
flint,  with  the  exception  of  a  few  fragments  of  sarsen-  or  ironstone. 
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There  are  scarcely  any  pebbles,  and  the  flint-fragments  are  nsually 
angular.  They  are  whitish  externally,  and  mostly  black  and  grey 
internally.  The  gravel  shows  little,  if  any,  sign  of  stratification,  the 
general  arrangement  being  a  series  of  whorls  or  curves.  In  places 
near  the  base  patches  of  gravel  in  a  chalky  paste  occur,  as  shown  in 
the  appended  sketch  (fig.  2).   These  chalky  patches  resemble,  although 

Fig.  2. —  Turner's  Court  gravet-jnt^  Wallingford, 


'..-.')r,-'.7'-.  f^v''-:'''.  'i-.l'.f'-^^'  -'if^^':^': 

[Height  of  eection =12  feet] 
a=UnBtratified  angular  flint-grayel  in  ochreous  sand. 
6= Similar  graTel  in  marly  paste. 

on  a  smaller  scale,  those  occurring  in  stratified  gravel  at  Tilehurst 
Koad,  Reading,  described  in  a  former  paper.^     I  am  inclined  to 
think  that,  in  some  cases,  these  chalky  patches  may  be  due  to  the 
irregular  action  of  solvents  subsequent  to  the  formation  of  the . 
gravel. 

At  Gould's  Grove,  between  Turner's  Court  and  Ewelme,  there  is 
a  somewhat  similar  section,  and  another  at  Ewelme  itself;  but  in 
these  cases  there  was  much  less  irregularity  in  the  deposit. 

At  Little  Stoke,  3^  miles  north  of  Goring,  the  valley-gravel  is 
composed  of  very  similar  materials.  In  a  gravel-pib  there,  only  one 
quartzite-pebble  was  found :  on  the  other  side  of  the  Thames  at 
Moulsford  such  pebbles  are  very  abundant  in  the  gravel ;  while  a  little 
farther  north  the  quartzite-pebbles  are  found  on  both  sides  of  the 
Thames,  as  at  Brightwell  Barrow,  near  Wallingford  (371  feet  above 
Ordnance-datum),  and  Primrose  Hill,  near  Drayton  (246  feet).  At 
the  last-named  locality.the  Quartzite-gravel  may  be  seen  in  the  fields 
on  one  side  of  the  road,  and  the  flint-gravel  on  the  other. 

What  are  the  age  and  origin  of  this  flint-gravel  ?  Some  barrier 
has  evidently  prevented  the  Quartzite-gravel  from  having  access  to 
the  plateau  north-west  of  the  escarpment  of  the  Chiltems.  I  can 
only  suggest  that  this  barrier  was  the  escarpment  itself,  and  that  this 

^  Quart.  Joum.  GeoL  Soc.  rol.  xl?i  (1890)  p.  582. 
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has  been  out  back  since  the  time  of  the  Quartzite-gravel.  If  this  be 
so,  it  must  mark  a  very  considerable  lapse  of  time. 

The  flint-gravel  would  seem  to  be  in  part  a  reconstruction  of  old 
hill-gravels,  but  very  largely,  particularly  at  Turner's  Court,  a 
residuum  left  after  the  dissolution  of  the  Chalk  ;  and  the  deposit  in 
its  present  position  would  necessarily  be  subsequent  in  date  to  the 
Qutfrtzite-gravel. 

On  the  south  side  of  the  Thames  also,  the  Quartzite-gravel  comes 
into  relation  with  the  old  flint-gravels  in  a  very  interesting  manner. 
In  the  district  south  of  Streatley  and  west  of  Pangbourne  we  come 
upon  gravels  of  a  *  Southern  *  type.  Pits  in  this  gravel  may  be 
seen  near  Bore  Court,  2  miles  south-west  of  Pangbourne,  and  another 
I  mile  south-west  of  Upper  Basildon.  The  gravel  at  the  latter  place 
is  at  an  elevation  of  about  350  feet  above  Ordnance-datum. 

Similar  gravel  occurs  on  Ashampstead  Common  at  about  the  same 
level,  but  the  two  deposits  are  separated  by  a  dry  Chalk-ravine. 
The  highest  parts  of  this  common  consist  of  loamy  or  sandy  gravel, 
of  which  a  thickness  of  4  or  5  feet  may  be  seen  in  an  old  pit.  It 
was  found  to  have  the  following  composition : — 

Per  cent. 

Flint^pebblee 32 

Subangular  flints,  rather  small    61 

Large  flint-pebble     1 

Subaneular  earsens   3 

Veined  grey  quartxite-pebble  1 

Quartz-pebble    1 

Purplish  chert   1 

It  will  thus  be  seen  that  some  of  the  *  Northern '  material  has 
reached  this  gravel.  The  pit  near  Upper  Basildon,  on  the  other 
side  of  the  dry  chalk-valley,  showed  a  thickness  of  6  or  7  feet  of 
small  subangular  gravel  of  the  flinty  type,  but  the  upper  3  feet  of  it 
appeared  to  have  been  disturbed,  and  was  found  to  contain  here  and 
there  quartzite-pebbles.  Immediately  under  this  upper  part  of  the 
gravel  I  found  a  large  white  quartzite,  a  flint-flake,  and  also  a  flint- 
*  core,'  from  which  flakes  had  apparently  been  struck.  There  were 
also  a  few  large  unrolled  flints,  some  of  them  15  inches  long. 

This  intrusion  of  the  quartzite-material  is  not  remarkable,  when 
it  is  considered  that  at  Basildon  Kiln  there  is,  at  a  level  100  feet 
higher,  a  remnant  of  a  gravel  of  an  intensely  quartzitic  type,  less 
than  a  mile  distant  from  this  point.  What  is  noticeable  is  that  the 
gravels  have  mingled  so  little,  so  that  in  walking  over  the  fields 
the  surface-drift  is  found  to  alter  its  character  suddenly. 

One  cannot  avoid  being  impressed,  both  here  and  elsewhere,  with 
the  great  physical  changes  which  have  taken  place  since  the  time  of 
the  deposition  of  the  Quartzite-gravel.  Valleys  must  have  been 
scooped  out,  filled  with  '  Southern '  debris,  and,  as  a  result  of  further 
denudation,  formed  into  plains  since  the  gravel  of  Upper  Basildon 
was  deposited.  Assuming  the  gravel  which  flanks  that  hill  to  be  not 
so  old  as  the  gravel  on  its  summit,  yet  a  large  amount  of  time  must 
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be  demanded  for  the  changes  that  are  indicated.  Another  indication 
of  the  time  which  has  elapsed  since  the  era  of  the  Quartzite-gravel 
is  found  in  the  fact  that  its  southern  bonndaiy  is  now  a  plain  much 
lower  than  its  own  leveL 

YII.  Trao£S  of  Mak. 

The  traces,  or  supposed  traces,  of  man  which  have  been  observed 
in  connexion  with  these  gravels  are  veiy  slight.  Necessarily  they 
would  be  so.  All  deposits  formed  by  current-action  undergo  a 
sorting  process.  A  PaLaeolithic  implement  is  a  part  of  the  gravel 
in  which  it  occurs,  and  an  angular  instrument  would  not  be  looked 
for  in  a  pebble-gravel.  Such  implements  also  are  at  all  times  rare, 
compared  with  the  amount  of  material  which  has  to  be  removed  in 
order  to  find  them ;  but  there  are  few  sections  in  the  high-level 
gavels,  and  these  are  not  usually  available  for  detailed  examination, 
so  that  even  negative  results  would  have  no  special  significance. 

It  has  been  thought  desirable,  however,  to  record  such  slight 
possible  indications  as  have  presented  themselves.  These  have 
principally  been  in  the  form  of  small  fiint-flakes  having  only  one 
*  bulb  of  percussion.'  The  value  of  such  an  evidence  of  man  is  dis- 
puted, and  disputed,  I  believe,  by  so  eminent  an  authority  as  Sir  John 
Evans.  The  facts  here  noted  must  be  taken,  therefore,  for  what 
they  ore  worth. 

Pkbblb-oravbl. 
Nothing  obserTod. 

Goring  Gap  Gratbl. 

At  Greenmoor  Hill  (600  feet  O.D.).  A  very  disdnot flake  about  1  inofa 
long. 

QUARTZOSB  GRAVSIi. 

At  Bowsey  Hill  (467  feet  O.D.)*    A  small  flake  of  black  flint. 

QUARTZITB-ORATBL. 

Noroot  Kiln  (278  feet  O.D.).  A  flint- flake,  Bomewhat  doubtful,  but  it 
has  a  bulb  of  percussion. 

BoBe  Hill  Kiln  (305  feet  O.D.)-  A  flake  or  scraper.  Not  a  veiy  good 
specimen. 

Near  Cane  End,  in  rubble  in  a  dry  chalk-valley  (about  300  feet  O.D.).  A 
well-formed  Palffiolitbio  flint-implement.  The  appearance  of  this  implement 
suggests  long  exposure  at  the  surface.  It  is  stained  of  a  whitish  c<dour.  Its 
origin  is  somewhat  doubtfuL 

Local  Gbavbu 
Near  Upper  Basildon  (350  feet  O.D.).    A  flint-* core*  and  a  flake. 

Turner's  Court  (350  feet  O.D.)  This  pit  is  worked  for  road-materiaL 
It  is  said  that  a  few  flint-implements  hare  been  found  there,  but  I  hare  not 
obsenred  any  on  the  two  or  three  visits  which  I  have  made  to  the  pit 

At  Moreton-in-the-Marsh,  in  the  pit  already  referred  to  (p.  693).  was 
obserred  a  large  flake  which  had  apparently  been  used  as  a  scraper. 
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VIII,  Genebal  Conclctbions. 

The  Pebble -gravel  has  the  appearance  of  being  a  relic  of  an 
old  marine  pebble-bed,  possibly  re-arranged.  Although  it  has  been 
claimed  as  Westleton,  one  might  yentore  to  ask  whether  it  may  not 
possibly  be  of  Diestian  age.  The  exact  westerly  limit  of  the  sea  of 
the  Lenham  Beds  has  never  been  determined.  At  Lenham,  according 
to  Mr.  Clement  Reid,*  there  is  indicated  a  depth  of  about  ^0  fathoms. 
Possibly  here  we  have  the  remains  of  deposits  nearer  to  the  shore- 
line, but  there  is  no  evidence  to  warrant  a  positive  conclusion. 

llie  Quartzose  Gravel. — In  stating  the  facts  regarding  this 
deposit,  no  definite  theoretical  conclusion  has  been  drawn.  Its 
pebbly  nature  and  its  westward  limitation  by  the  range  of  the 
Chiltems  are  arguments  for  a  marine  origin.  No  attempt  has  been 
made  to  discuss  its  suggested  connexion  with  deposits  inEast  Anglia. 
That  this  gravel  is  marine  at  all  has  been  disputed. 

The  Quartzite-gravel  is  generally  regarded  as  a  fluviatile 
deposit,  yet  its  connexion  with  the  foregoing  is  rather  close.  A 
westerly  tilt,  however,  would  convert  an  inlet  into  a  river-valley. 
If  this  gravel  were  a  fluviatile  accumulation  the  present  Thames 
Valley  would  have  been  probably  at  that  time  a  chain  of  lakes. 

Although  this  gravel  is  characterized  by  the  presence  of  pebbles 
from  the  Bunter,  which  does  not  occur  in  situ  in  the  district 
drained  by  the  present  river  Thames,  it  is  not  distinctly  Glacial,  in 
the  sense  of  containing  angular  fragments  of  foreign  rocks,  so  far 
as  I  have  observed,  until  a  later  stage  of  its  history,  indicated  by 
the  presence  of  such  erratics  at  a  level  of  about  187  feet  above  the 
present  surface  of  the  Thames  at  Bose  Hill,  Caversham. 

The  remarks  of  Prof.  Bonney  suggest  the  possibility  that  the 
fragments  of  igneous  rock  occurring  in  the  Quartzite-gravel  may  be 
derived  from  a  somewhat  definite  area.  The  further  investigation 
of  the  subject  is  likely  to  be  of  interest 

My  sincere  thanks  are  due  to  Prof.  Bonney  for  having  been  so 
good  as  to  examine  and  describe  numerous  specimens  sent  to  him, 
and  also  to  Dr.  G.  J.  Hinde  for  similar  kind  services. 

Plate  XXVIIL 

Sketch-<nap  of  high-level  gravels  in  the  Beading  District,  on  the  scale  of 
4  miles  to  the  inch. 

Discussion. 

Mr.  MoNOKTON  complimented  the  Author  on  his  careful  work  in 
the  district,  and  acknowledged  his  indebtedness  to  him  for  many 
facts.  He  asked  why  the  gravels  on  Green  moor  HiU  should  be 
called  *  Groring  Gap  Gravels,'  the  hill  being  at  an  elevation  much 
above  the  valley  of  the  Thames,  in  which  Goring  stands. 

The  speaker  remarked  that  Prestwich  characterized  his  Westleton 

^  Mem.  Geol.  Surv.  1890,  'The  Pliocene  Deposits  of  Britain/  p.  69. 
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Shingle  not  so  much  by  the  presence  of  quarto-pebbles  as  by  the 
abBenoe  of  stones  derived  from  the  Bunter  pebble-beds.  He  agreed 
with  the  Author  that  much  of  the  smaller  material  of  the  Westletou 
Shingle  was  probably  derived  from  the  Greensand  pebble-beds. 

Mr.  A.  E.  Salter  was  glad  to  find  that  the  results  of  the  Authors 
detailed  study  of  the  gravels  associated  with  Goring  Gap  were  in 
general  accordance  with  those  to  which  he  had  come  after  a  careful 
study  of  the  Drift-deposits  of  Southern  England.  He  did  not 
think  that  the  Ardennes  were  the  source  of  the  materials  con- 
stituting the  higher  drifts  of  this  area,  and  was  much  interested  in 
the  Author's  remarks  on  that  region.  The  locality  mentioned  by 
the  Author  in  which  Southern  and  Northern  Drift  are  associated 
was  especially  interesting,  and  seemed  to  point  to  a  confluence 
of  the  Northern  and  Southern  Drift-streams  at  that  point.  He 
thought  that  the  Author,  besides  noting  differences  in  the  character 
of  the  constituents,  might  also  pay  attention  to  the  differences  in 
level  of  the  same  kind  of  graved  over  a  wider  area.  Igneous 
rocks  similar  to,  if  not  identical  with,  the  devitrified  pitchstone 
or  rhyolite,  of  which  the  Author  had  exhibited  sections  and  spe- 
cimens, had  been  found  by  him  at  Norcot,  Aldeburgh,  and  other 
Drift-localities. 

The  President  and  Mr.  F.  W.  Harmer  also  spoke. 

The  Author  said  that  he  thought  it  possible  that  the  Woodcote 
gravel  might  represent  an  early  breach  of  the  Chalk-escarpment, 
and  in  that  sense  he  had  connected  it  with  Goring  Gap.  The  term 
used  was,  perhaps,  not  the  best  that  might  have  been  chosen. 
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40.  On  the  Coraluiit  Books  of  Upwarb  (Cakbs).  By  C.  B.  Wbdd, 
Esq.,  B.A.  (Communicated  by  J.  E.  Marb,  Esq.,  M.A.,  F.R.S., 
F.G.8.     Read  June  22nd,  1898.) 

As  any  small  addition  to  our  knowledge  of  this  interesting  district 
may  be  acceptable,  and  as  I  have  lately  spent  much  time  at  Upware 
and  had  access  to  sources  of  information  too  seldom  available  in  the 
district,  it  seemed  advisable  to  put  on  record  such  new  facts  as  have 
come  to  light.  The  Upware  rocks  have  been  so  often  described  by 
different  geologists,  to  all  of  whom  I  am  under  some  obligation, 
that  it  is  perhaps  unnecessary  for  me  to  do  more  than  express  my 
especial  indebtedness  to  the  important  work  of  Messrs.  Blake  & 
Hudleston  on  the  Corallian  Rocks  of  England,*  to  that  of  Prof. 
Bonney,^  to  that  of  the  late  Mr.  T.  Roberts,'  and  to  the  maps  and 
memoirs  of  the  Geological  Survey  relating  to  Upware.* 

The  well-known  Corallian  ridge  of  Upwai^p  is  3  miles  long,  as 
mapped  by  the  officers  of  the  Geological  Survey,  and  less  than  a  mile 
wide  in  the  widest  part,  and  is  nearly  surrounded  by  fen.  There 
have  long  been  two  principal  exposures  of  the  rock :  one,  the 
Northern  Quarry,  in  oolitic  rock ;  the  other,  the  Southern  Quarry, 
in  *■  Rag '  and  oolite.  Part  of  the  intervening  area  on  the  western 
flank  of  the  ridge  is  covered  with  Gault  and  Lower  Greensand  (see 
sketch-map,  p.  612).  Except  a  few  ditch-sections  in  the  lane 
between  the  two  quarries,  there  have  been  till  lately  no  other 
exposures  of  importance.  The  relation  of  the  oolite  of  the  Northern 
Quarry  to  the  Rag  of  the  other  was  long  a  matter  of  uncertainty. 
The  Northern  oolite  was  at  first  considered  the  higher,  owing 
to  the  slight  northerly  dip  in  both  quarries.  Messrs.  Blake  & 
Hudleston  placed  it  below  the  Rag  for  palseontological  reasons. 
Mr.  Roberts  mentioned  that  the  Rag  showed  signs  of  oolite  beneath 
it,  in  which  the  characteristic  sea-urchins  of  the  Northern  Quarry 
occurred,  and  that  this  oolite  came  up  towards  the  south.  In  the 
Geological  Survey  Memoir  of  the  district  (1891)  it  was  stated  that 
oolite  underlay  the  Rag  in  the  Southern  Quarry. 

As  now  seen,  by  far  the  greater  part  of  the  rock  of  the  Southern 
Quarry  is  oolite  or  pisolite.  This  quarry  is  about  190  yards  long. 
At  the  southern  end,  where  the  suiiiace  is  about  5  feet  lower  than 
at  the  middle  of  the  digging,  the  lowest  beds  are  seen,  a  rather 
rubbly  yellowish-white  rook,  consisting  of  a  soft  calcareous,  marly- 
looking  matrix,  full  of  oolite-  or  rather  pisolite-grains.  It  is 
exposed  in  the  southern  end  for  about  5|  feet  downwards  from  the 
surface,  and  is  much  less  fossiliferous  than  the  higher  beds  of  oolite. 
In  this  quarry  the  dip  is  northerly,  and  for  the  most  part  at  a  small 
angle.     In  the  eastern  bank,  which  is  overgrown  with  grass,  the 

^  Quart  Joum.  Geol.  Soo.  voL  zzxiii  (1877)  pp.  260-404. 

*  'CambridgeBhiT«  Geology/  1876. 

*  <  Jurasdc  Bocks  of  Cam&idge,'  Sedffwick  Prise  JSbbaj  for  1886  (1892). 

*  More  eepeoiaUv  the  tablet  of  tom^B  puUiahed  in  the  Memoirs  on  the 
Jurassic  Bocks  of  Yorkshire  (1892)  and  the  Jurassic  Books  of  Britain  (1895). 
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*  Coral  Bag '  can  be  found  coming  on  at  the  top  at  abont  50  yarda 
from  the  southern  end.  There  are  some  indications  of  a  passage 
from  the  oolitic  to  the  Bag-type.  A  slight  dip  brings  the  Bag 
gradually  down  the  bank-side  to  the  north  until,  at  about  25  yards 
from  the  northern  end,  the  dip  increases  and  the  base  of  the  Bag, 
here  seen  as  a  hard  crystalline  band  with  oolite  below,  comes  down 
almost  to  the  floor  of  the  quarry  at  the  northern  end.  The  upper 
part  of  the  bank  at  the  northern  end  is  grass-covered,  but  the  lower 
part  shows  a  good  exposure  of  Bag  almost  to  the  bottom. 

The  limestone  is  hero  hard  and  somewhat  crystalline,  there  being 
several  very  hard  crystalline  layers  in  which  the  coral-structure  is 
sometimes  almost  obliterated.  Still,  an  examination  of  the  exposure 
in  the  northern  bank  shows  coral  continuously  from  top  to  bottom, 
only  interrupted  by  thin  marly  partings,  probably  due  to  solution 
and  filtration  along  divisional  planes.  Owing  to  the  hardness  of  the 
rock,  to  the  mode  of  preservation  and  to  rapid  alteration  of  the  coral 
on  the  surface,  it  is  difficult  to  determine  whether  Itagtrcm  or 
ThamiuuircBa  predominates,  but  the  two  certainly  form  what  might 
be  called  the  fram*ework  of  the  rock.  At  the  base  is  a  well- 
marked  layer  of  Isaatrcea  eajolancUa^  continuous  for  some  few  yards 
as  far  as  it  could  be  traced.  Many  large  slabs  of  TTiamnastrcBa 
arachnoidea  and  Th.  concinna  are  seen  in  a  heap  of  material  quarried 
here. 

It  has  been  stated  that  the  Bag  here  contains  some  oolitic 
grains.  I  have  frequently  looked  for  them,  but  never  found  any 
in  the  true  Bag,  except  at  its  junction  with  the  lower  beds. 
The  Bag-limestone  is  particularly  pure,  but  no  doubt  varies  slightly 
in  composition  with  the  different  degrees  of  cr3r8tallization  of 
individual  layers.  Typical  specimens,  not  taken  from  the  massive 
crystalline  bands,  when  dissolved  in  hydrochloric  acid,  showed 
sometimes  scarcely  any  residue,  and  yielded  carbonate  equivalent  to 
as  much  as  98  per  cent,  of  carbonate  of  lime. 

It  is  often  assumed  that  the  fauna  of  the  oolite  of  the  Southern 
Quarry  is  much  the  same  as  that  of  the  Northern  Quarry.  This, 
however,  is  not  the  case.  The  lowest  beds  of  the  Southern  Quarry, 
exposed  at  its  southern  end,  are  not  very  fossiliferous.  I  have 
examined  carefully  the  exposure  of  these  beds  and  a  heap  of  material 
quarried  there,  and  obtained : — 

*  Ammonites  (  CartUoceras)  vertebralis, 

Tar.  cawtonensis,  BL  &  H. 

*  Ceriihium  muricaium^  Sow. 
LUtorina  muricatOy  Sow. 

*  Area  tp. 
Exogyra  nana.  Sow. 
OerviUia  sp. 

*  Honuymya  tremula,  Bay. 
Itocmrdia  sp. 

*  LUhodomuB  wctusus,  Phil. 

*  Afytilua  pectinatua,  Sow. 
AfytUusep. 
Cpis  PkiUipsi,  Mor. 
C^sp. 


*  Ostrea  (Aleetryonia)  gregaria.  Sow. 
Pecten  Jibrosust  Sow. 

*  Quenatedtia  UBvigata,  Phil. 

VermiUa  mlcata,  Sow. 

*  Cidaris  florigemma,  Phil,  (spinet). 
Echincbriasus  acutatus.  Lam. 
HoUotypM  deprtstUBy  Leske. 
Pygaster  umiirdla,  Ag. 

*  PentacrinuB  sp. 

*  MowaivaUia  didpar,  Phil. 
*Rkabdophyma  PkiUipn,  B.  &  H. 
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The  species  marked  with  an  asterisk  have  not  been  found  in  the 
Northern  Qnarry.  It  is  noticeable  that  spines  of  Cidarisjhrigemma 
were  not  very  nnusual,  but  the  lowest  bed  of  oolite  here  is  probably 
not  more  than  10  feet  below  the  base  of  the  Bag.  Exogyra  nana^ 
(ktrea  gregaria,  LUtarina  muricata^  Cerithium  fnuricatwn,  Holee- 
^yp^i  c^d  SerpuUa  were  moderately  abundant.  The  eleven  species 
not  recorded  from  the  Northern  Quarry  seem  to  belong  to  rather 
shallow-water  genera  for  the  most  pait.  HoUctypm  and  JSb^tno- 
hr%99va^  so  common  in  the  Northern  Quarry,  are  found  here  in 
diminished  numbers.  No  doubt  the  other  Northern  Quarry  sea- 
urchins  might  be  found  here,  for  they  have  been  found  higher  up  in 
a  more  fossiliferous  bed  of  the  oolite.  On  the  other  hand,  the  reef- 
corals  of  the  Eag  are  absent,  and  its  characteristic  large  Pectens  and 
Areas  are  wanting  here,  or  very  rare. 

It  will  be  noticed  that  the  fauna  of  this  lowest  oolite  of  the 
8outhem  Quarry  is  intermediate  in  character  between  those  of  the 
Bag  and  of  the  Northern  Quarry.  The  change  is  probably  due 
more  to  diminution  of  depth  of  water  than  to  difference  of  geological 
horizon. 

The  higher  beds  of  the  oolite,  as  exposed  in  the  middle  of  the 
Southern  Quarry,  are  much  more  fossiUferous.  A  large  quantity 
of  material  was  quarried  here  during  the  spring  of  1898,  and 
Mr.  H.  Keeping,  of  the  Woodwardian  Museum,  obtained  a  fine 
series  of  specimens.  Still  more  '  Bag '  forms  come  in  here,  but  the 
principal  Northern  Quarry  sea-urchins  are  still  present.  More 
specimens  of  Pygaster  than  of  any  other  urchin  were  obtained  here : 
it  is  noticeable  that  in  the  Northern  Quarry  it  is  far  less  common 
than  HoUctypus  and  Echinobrisms.  It  is  from  these  beds,  or  but 
slightly  higher,  that  the  late  T.  Boberts  obtained  Echinohriaus^ 
CcilyriUSf  EoUaypus^  Hyhodypus^  and  Pygcuter,  1  have  examined 
the  specimens  obtained  bv  Mr,  Keeping,  and  have  identified  the 
following,  adding  a  few  which  I  have  myself  noticed  since : — 

Obphalopoda, 

jMmonites    (PeritpkmcteB)    AcMUUst 

d'Orh. 
Belemmtes  abbrtoiatus,  MilL 

Gasteropoda* 

Ctritkium  mmrieaium.  Sow. 
Ckemmitria  keddtngtonetuiB^  Sow. 
LiUorina  Merianit  Qoldf. 
L,  nmrieaiat  Sow. 
Pkamanella  striata,  Sow. 
Plmrciomanasp, 

Lamblubravohiata. 

Area  ^uadrimUeata,  Sow. 

Attarte  ovata.  Smith. 

CardmmgpJ 

GenrilUa  aviouMdei,  Sow. 

GmrviUiagp, 


Goniomya  v-acnptoj  Sow. 

Hinnites  tumiduSt  Ziot. 

Romomffa  treinmla.  But. 

Isocardia  sp. 

Lima  latmucula.  Sow. 

L.  rigida,  Sow. 

L,  rudis,  Sow. 

Litkodomnu  inchums,  PhiL 

Lucina  moreana.  But. 

Modiola  subamUplieaia,  Ctoldf. 

Hi,  ungulata,  Z.  &  B. 

Hfytiius  juremis,  Mer. 

Jdl  peetinaim,  Sow. 

Opia  arduennetui$t  d'Orfo. 

0.  PkUUpti,  Mor. 

0,  krffe  ip. 

0.  vtfSiffMfMM,  But. 

Pedm  articulatus,  Sohloth. 

P.  inmgmieodatua,  PhiL 

P  VtMtHCIUf  Sow. 

2u2 
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Pedm  large  sp. 

Pecten  small  sp.  ? 

Pema  mj/tUoiaes?,  Lam.  (or  P.  8tib- 

planaf,Etk\Ly 
Pholadomya  decemcostata,  Boem. 
Pleuromya  FoUgii,  Ag. 
Qnenstedtia  sp. 
Trichites  sp. 
TVi^oma  Jneriani,  Ag. 

BSACHIOPODA. 

Terebratula  insignis  rar.  maltonensis, 
Waldheimia  sp. 


ECHDIOOEEIIATA,  etC. 

Cidaria   Jlorigemma,    Phfl.    (a    few 

spines). 
£bAino6ri88iM  scutatiu,  Lam. 
HolectypuB  depresaus,  Leake. 
Hybodypw  gibberulw^  Ag. 
Pygaater  umbrcUa^  Ag. 

VermiHa  nUcata,  Sow. 

MofUlivaUia  dispar,  Phil. 

Holcospongia  glcmerata  ?  (Quenst). 


At  High  Fen  Farm,  less  than  |  mile  north-east  of  the  Northern 
Quarry,  a  small  quantity  of  rook  was  recently  thrown  out  in 
deepening  a  well.  By  the  kindness  of  the  farmer  I  was  enahled 
to  examine  this  when  newly  excavated.  The  bulk  of  the  material 
consisted  of  a  hard,  bedded,  oolitic  (or  rather  pisolitic)  limestone  of  a 
deep  bluish-grey  colour  when  wet,  the  pisolites  being  darker  outside, 
and  giving  the  rock  a  spotted  appearance.  A  small  quantity  of  the 
upper  part  was  softer  than  the  rest,  and  seemed  more  marly,  perhaps 
merely  because  it  was  near  the  previous  floor  of  the  well.  The  rock 
was  said  to  increase  in  hardness  downwards,  and  at  the  bottom  was 
so  hard  as  to  emit  sparks  when  struck  with  the  pickaxe.  It  was 
stated  by  the  farmer  that  the  well  had  been  deepened  to  a  depth  of 
18  feet,  and  that  formerly  another  well  had  been  sunk  a  few  yards 
away  to  a  depth  of  20  feet  without  piercing  the  limestone.  From 
about  two  wheelbarrow-loads  of  material  from  the  first-named  well 
the  writer  obtained  : — 


Ammonitea  (PerispMnctes)  pHcatilis, 
Sow.  (seTeral  pieces). 

LUtorina  Aferiani,  Gk>ldf.  Ttwo  spe- 
cimens somewhat  orushea  in  the 
pock). 

PUurotomaria  reticulata^  Sow. 

Dentalium  ? 

Exoayra  nana,  Sow. 

Litnodomus  indttsus,  PhiL 


Opis  PhUUpaif  Mor.  (several). 

CoUyrites  hicordata,  Leske. 

Echinobrisstts  actUatus,  Lam. 

Holectypus  depreasus^  Leske  (several). 

VermiUa  aulaUa,  Sow. 

Serpula  sp.    ' 

Pentacrinu&,  stem-joints  and  ossidea. 

Montlivaltia  f  (or  ThecoamiHar). 


The  fauna  is  substantially  the  same  as  that  of  the  Northern 
Quarry,  but  the  rock  in  this  well  seems  more  fossiliferous,  and 
Ammonites  plicatilis  more  abundant. 

A  feature  of  interest  is  the  occurrence  in  the  hardest  oolite  of 
many  small  lumps  and  streaks  of  soft  bluish-black  clay.  The  streaks 
were  seen  lying  at  various  inclinations  in  the  same  piece  of  rock, 
and  the  lumps  of  clay  were  often  more  than  a  cubic  centimetre  in 
bulk.  Many  ossicles  of  Pentacrinua  and  a  few  stem-joints  occurred, 
all  blackened  and  apparently  worn  and  rolled.  Though  the  earlier 
well  was  sunk  2  feet  deeper  without  piercing  the  limestone,  still 
these  day-inclusions  and  the  rolled  and  blackened  joints  of  PerUor 
erinus  suggest  the  proximity  of  a  clay-bed,  and  the  influence  of 
current-action.  Indeed  the  farmer  stated  that  the  limestone  was  > 
replaced  laterally  by  a  day  of  the  same  appearance,  a  little  farther 
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west  on  the  same  f  ann,  beneath  the  peat ;  little  importance,  however, 
can  be  attached  to  the  statement,  as  both  Gault  and  Kimeridge  Clay 
rest  npon  the  flank  of  the  Gorallian  ridge  farther  south. 

Prof.  Bonney  remarked  long  ago  that  the  core  of  blocks  of  the 
Upware  oolite  was  often  greyish-blue.  Certain  fossils  in  the 
Woodwardian  Museum  show  a  similar  matrix.  There  seems  no 
doubt  that  such  was  once  the  colour  of  all  the  Upware  oolite, 
its  present  buff  colour  being  the  result  of  oxidation.  The  oolite 
from  this  woU  is,  however,  less  pure  than  the  higher  beds.  A 
solution  of  a  small  piece  of  this  grey  oolite  in  hydrochloric  acid  gave 
a  considerable  residue  of  bluish-black  mud,  which,  when  dried, 
formed  a  clay  indistinguishable  from  the  lumps  in  the  limestone. 
In  this  grey  oolite  I  estimated  carbonate  equivalent  to  91*5  per 
cent,  of  carbonate  of  lime.  The  colour  of  the  rock  would  then  seem 
to  be  due  to  finely-divided  particles  of  bluish-black  clay,  when 
not  oxidized.  The  result  of  a  similar  estimation  of  the  Northern 
Quarry  oolite  showed  about  95  per  cent,  of  carbonate  of  lime,  but 
this  estimation  was  not  quite  satisfactory  and  the  percentage 
should  probably  be  slightly  higher. 

The  surface  of  the  ground  at  this  well  lies  perhaps  8  feet  above 
river-level,  somewhat  higher  than  the  floor  of  the  Northern  Quarry. 
In  the  lane  about  400  yards  south  of  the  Northern  Quarry  very 
white  oolite  is  seen  in  a  ditch,  almost  certainly  a  higher  bed  than 
any  in  the  Northern  Quarry ;  for  the  slope  of  the  ground  is  decidedly 
greater  than  the  slight  northerly  dip  in  the  ditch  and  in  the  quarry ; 
and  the  dip  is  probably  fairly  constant  about  here.  On  the  whole, 
it  seems  that  the  thickness  of  the  oolite  of  the  Northern  Quarry 
and  its  neighbourhood  could  scarcely  be  less  than  40  feet,  and  may 
be  considerably  more. 

As  already  mentioned,  the  stratigraphical  relationship  of  the 
oolite  of  the  Northern  Quarry  to  the  Bag  of  the  Southern  Quarry 
was  long  a  matter  of  uncertainty,  and  perhaps  even  now  it  is  not  so 
surely  fixed  that  additional  evidence  is  superfluous.  The  grounds 
on  which  earlier  writers  have  placed  the  Northern  Quarry  oolite 
below  the  Eag  have  been  mentioned  above.  The  following  points 
have  been  brought  out  so  far  in  the  present  paper  in  support  of  this 
correlation : — 

(1)  The  fauna  of  the  oolite  of  the  Southern  Quarry  is  inter- 

mediate in  character  between  that  of  the  Eag  and  that  of 
the  oolite  of  the  Northern  Quarry,  and  contains  many 
species  of  each  not  found  in  the  other. 

(2)  Beneath  some  40  feet  of  oolite,  as  seen  in  the  well  at 

High  Fen  Farm  and  in  its  neighbourhood,  there  is  in 
the  well  not  only  no  indication  of  Rag  below,  either 
lithologically  or  palseontologically,  but,  on  the  other  hand^ 
there  are  signs  of  the  proximity  of  clay.  The  bluish-grey 
oolite  of  this  well  is  decidedly  less  pure  than  the  Bag.     ■ 

.  Al  hough  there  is  no  evidence  known  to  me  of  diminution  of  tb^ 
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CoFallian  area  by  denudation,  I  have  found  evidence  of  denudation 
of  the  surfaoe-oolite  in  the  material  from  the  Lower  Greenaand 
phosphate-beds  which  oyerlie  part  of  the  western  flank  of  the 
ridge.  In  this,  rounded  pebbles  formed  of  CoraUian  pisolites 
often  contain  phosphatic  nodules,  small  quartz-pebbles,  and  Green- 
sand  brachiopoda,  showing  denudation  and  reconstruction  of  the 
oolite  in  Lower  Greensand  time.  Consequently  the  oolite  now  at 
the  surface  was  not  originally  the  highest ;  but  in  the  Southern 
Quarry  the  original  top  of  the  oolite  is  preserved  beneath  the  Rag. 

In  the  autumn  of  1897  a  small  section  was  opened  near  the 
southern  end  of  the  ridge  and  on  the  western  side  of  it,  more  than 
I  mile  from  the  Southern  Quarry,  in  a  corner  of  the  field  immedi- 
ately north  of  the  Inn-yard,  and  close  to  the  road  (see  sketch-map, 
p.  612).  The  section  is  cut  obliquely  through  a  little  spur  which 
runs  out  south-westwards  from  near  the  end  of  the  ridge.  I  sub- 
sequently excavated  a  little  farther  in  the  bottom  of  this  cutting ; 
the  following  deposits  were  exposed : — 

Feet.   In. 

5.  Soil,  with  lumpe  and  grains  of  limevtone    1  to  1     6 

4.  Hard,  whitish,  much-broken,  rubbly  limestone  j  many  spines  of 

Cidaris  fiorigemma^  ossicles  of  Pentacrinu8^  and  other  fossils  .     1  to  1     6 
3.  A  bed  almost  entirely  composed  of  ossicles  of  Pentacrinus  in  a 

yellowish  calcareous  matrix    2  to  1     0 

Passing  down  into — 
\e)  SoA,  yellowish-gpy,  calcareous  marl  with  ossicles  of  Pen- 
tacrinus;  limonite-stains  along  the  bedding-planes  and  on 
the  surface  of  minute  joints,  of  reticulate  appearance  in  16 

the  lower  part.  Passing  down  into — 
(b)  Soft  laminated  grey  marl  with  occasional  small  ironstone- 
nodules,  thin  layers,  blotches,  and  reticulations  of  limo- 
nite;  the  marl  alternating  with  hard  flaggy  layers  of 
crystalline  limestone  full  of  Theoosmilia,  one  of  these 
layers  being  at  the  bottom ;  ferruginous  ooUtic  grains  in 

the  lowerpart 1    0 

^(a)  Soft,  darkly,  clayey  marl  with  ferruginous  oolitic  grains.  0    3 

x^  jjight,  yellowish-grey,  impure  limestone  full  of  ferruginous  oolitic 

grains  (Bis  worth  Rock)   0    9 

re 

There  are  at  intervals  from  top  to  bottom  thin,  hard,  crystalline 
bands  with  traces  of  coral-structure  (Isasti'cea  or  Thamnastrcea),  as 
in  the  Rag.  Near  the  bottom  these  bands  are  more  or  less  con- 
tinuous, but  higher  up  they  are  shattered  and  displaced,  yet  stiU 
for  the  most  part  recognisable  as  bands.  I  could  find  no  pnce  of 
unconformity  in  the  section,  and  I  was  much  struck  by  the  resem- 
blance of  the  lowest  bed  to  the  Elsworth  and  St.  Ives  Kock ;  but, 
owing  to  want  of  sufficient  fossil-evidence  and  the  improbability  of 
finding  '  Lower  Calcareous  Grit '  so  high  (and  the  evidence  of  fossils 
from  the  overlying  white  limestone  was  strongly  in  favour  of  a  high 
horizon),  I  was  inclined  to  regard  the  resemblance  as  a  mere  co- 
incidence, and  waited  for  further  light  on  the  matter  from  a  well 
which,  as  it  appeared,  was  to  be  sunk  close  by.  Being  fortunately 
present  immediately  after  the  opening  of  die  above  section,  and  while 
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the  material  was  being  removed,  I  was  able  to  examine  two  or  three 
cartloads  of  the  rock.  The  species  enumerated  in  the  appended 
list  were  obtained,  all  occurring  in  the  white  limestone  at  the  top, 
and  several  also  down  to  the  bottom  of  the  section.  Cidaris 
florigemmaspinw  were,  abundant  down  to  what  proved  to  be  the 
top  of  the  Elsworth  Rock. 

List  of  Eossils  from  thb  porbooino  Section. 


*  Ceriihium  murioaium.  Sow. 

*  Littorina  muHeata^  Sow. 

*  Jrea  pecHnaia,  PhiL 
Avicula  inaqmvalms  (?J,  Sow. 
Cucullaa  ehngaia.  Sow. 

*  Isooardia  (?)  sp. 
Lima  rutUs,  Sow. 
L,  H^ida,  Sow. 

*  Lithodomus  inclusus,  Phil. 

*  Ostrea  (Alectryonia)  grtgariay  Sow. 

*  O.  (Exogyra)  nana,  Sow. 

*  Pet^en  ardculatus^  Scbloth. 

*  P.  vtmmeua,  Sow. 

Tnrebratula  inaignis  var.  maUoneu' 
dSy  OppeL 


Serpula  sp. 

^  Isasirma  (0. 
"*  Montiivaitia  ditpar^  Phil. 
Bhabdaphyllia  sp.  (?). 

*  Thamiuutraa  cancinna,  Goldf. 

*  (Hdaris  florigemmay  Phil,  (■pines). 
C.  Smitkii,  Wright  (spine). 
Eekinobrittua  acuUUm,  Lam. 

*  Pentacrimis  sp. 

Holooapangia  glomerata  (Quen8t«)« 
Holooipongia,  another  sp.  (?). 

Haplopkragmium  (?)* 
Fttginulinaf  kgumenl  (or  Dmto- 

tinat), 
Valvuiina  (!), 


*  Vermilia  suleata^  Sow. 
Serpula  deplexa  (?),  Phil. 

[Those  marked  with  an  asterisk  were  abundant.] 

It  will  be  seen  at  once  that  this  is  essentially  the  Upware  Rag 
fauna.  All  the  species  here  mentioned  have  been  found  in  the  Rag, 
except  the  foraminifera ;  and  Echinobrigtus,  found  by  Roberts,  not 
in  the  Rag,  but  in  the  floor  of  the  Southern  Quarry — that  is,  in  the 
highest  oolite.  The  Rag  has  probably  never  been  searched  for 
foraminifera.  Nearly  all  these  species  are  particularly  character- 
istic of  the  Rag,  while  Cerithium  muricatum^  Littwina  muricata. 
Area  pectinatUy  Lima  rttdity  L,  rigiday  Lithodomus  inclustu,  Alectry- 
onia  gregaria^  Pecten  artictdattu,  P,  vimineuSj  Isoftrofa,  MontUvaUtaf 
TJiamtuistrcea^  and  CidarU  Jlorigemma  have  never  been  recorded 
from  the  Northern  Quarry,  though  most  of  them  occur  in  the  highest 
oolite  of  the  Southern  Quarry. 

The  following  were  obtained  lower  down  in  the  section,  from  the 
beds  marked  (2),  chiefly  in  and  on  the  hard  crystalline  bands : — 

Cerithium  murioatum^  Sow. 
LittorinaMp, 


Exogyra  nana.  Sow. 
Germliia  aviculoides  (f),  Sow. 
Lima  rigida.  Sow. 
Lithodomus  iuclusus,  Phil. 
Peoten  oHicuiatuB  (T),  Sobloth. 
P.  vimineus.  Sow. 
Pema  sp. 

Terebratula  inn(rni8,  var.  maltonenna,  1 
Oppd.  '  ' 


Cidaris  Jlorigemma^  Phil,    (many 

spines). 
C,  BmUhU^  Wright  (spine). 

Pentaerinua  sp. 

Bhabdopkgllia  sp.  (?). 

TheeosmUia  onfMc/^rif,   Flem.  (very 

abundant). 
Thamnastrtta  coneinna,  Goldf. 
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.  The  crystalline  bands  in  2  (6)  were  crowded  with  Thecoimtlia 
evidently  in  the  position  of  growth.  In  most  instances  noticed,  the 
main  stem  was  yertical  or  nearly  so ;  it  seemed  that  only  horizontal 
sections  of  the  coral  had  been  preserved,  in  length  equal  to  the 
thickness  of  the  crystalline  layers.  No  Theeosmilu^  was  found  in 
2  {c\  3,  or  4,  in  the  broken  crystalline  bands,  the  corals  here  being 
Thamnastrcea  or  lio^trcea,  and  probably  RhaJbdophyUia^  represented 
by  tubes  filled  with  marl.  It  was  observed  that  the  corals  in  the 
lower  beds  contained  in  the  marl  were  preserved  somewhat  differ- 
ently from  those  in  the  Rag,  the  septa  here  being  preserved  in 
caloite,  and  the  TTucosmilia  never  occurring  as  hollow  casts  like  the 
MondivaUia  in  the  Rag. 

An  estimate  of  carbonate  in  the  marl  2  (c)  gave  the  equivalent  of 
only  53  per  cent,  of  carbonate  of  lime.  The  bed  (3)  of  the  section 
has  a  superficial  resemblance  to  a  soft  grit.  Ossicles  of  the  cirri 
and  pinnules  of  Pentaerinus  are  the  chief  constituents,  together 
with  stem- joints  and  occasional  calyx-plates.  Corals  (in  the  crystal- 
line blocks),  Cidaris  Jlorigemma^  Oitrea  gregaria^  Exogyra  nana,  etc. 
were  noticed.  The  crinoids  are  wholly  disintegrated,  two  or  three 
jdnts  being  seldom  found  united. 

The  white  rubbly  limestone  (4)  is  not  like  either  the  Rag  or  the 
oolite  of  Upware.  It  is  possibly  conglomeratic,  and  has  the  appear- 
ance of  coral-detritus  partly  dissolved.  This  bed  and  the  one  below 
are  certainly  suggestive  of  formation  in  shallow  water  on  the  slope  of 
a  coral-reef.  No  certain  trace  was  found  in  this  limestone  of  the 
pisolitic  or  oolitic  structure  of  the  Upware  oolite.  It  is  difficult,  how- 
ever, to  draw  a  line  between  rolled  and  perhaps  slightly  coated  joints 
of  crinoids  and  the  first  stages  of  the  true  pisolite.  I  have  often 
found  the  latter  to  consist  at  Upware  of  ossicles  and  small  stem- 
joints  of  Pentaerinus,  fragments  of  echinoid  spines,  and  even  occasion- 
ally small  gasteropoda,  the  last-named  preserved  as  internal  casts  in 
the  pisolite,  all  coated  with  a  calcareous  growth.  Sometimes  two 
or  three  smaller  oolitic  grains  are  cemented  together  and  coated  over 
with  this  growth,  producing  an  irregular  pisolite.  I  have  not 
succeeded  in  finding  Oirvanella  in  this  growth,  but  there  is  no 
reason  to  doubt  that  it  might  be  found.  That  the  Upware  pisolite 
is  a  true  pisolite,  and  not  merely  formed  by  an  agglomeration  of 
rounded  shell-fragments,  is  certain ;  especially  as  scarcely  any  trace, 
if  any  at  all,  of  arragonit^-shells  is  preserved  in  the  Upware  rock, 
all  such  being  represented  merely  by  casts. 

As  mentioned  above  (p.  b06),  it  had  been  decided  to  sink  a  well 
close  to  the  section  last  described.  The  work  was,  however,  delayed 
for  several  months,  and  when  it  was  carried  out  I  was  unable  to  be 
present.  By  the  kindness  of  the  well-sinker  and  the  landlord  of 
the  Inn,  I  was  informed  when  the  work  would  be  begun,  and  asked 
Messrs.  H.  H.  Thomas  &  G.  McFarlane,  of  Sidney  Sunsex  College, 
to  examine  the  well.  They  were  good  enough  to  make  several 
journeys  to  Upware  during  the  progress  of  the  work,  and  to  them 
I  am  indebted  for  the  following  particulars.     The  well  was  sunk 
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by  the  roadside  about  10  yards  south-east  of  the  section  above 
described,  which  will  be  alluded  to  hereafter  as  the  field- 
section: — 


Sbction  of  a  Wbll  at  Upwabb,  mBAB  THE  Inn 
(according  to  Messrs.  Thomas  &  McFarlane.) 

Ft  In. 

F.  Surfaoe-Boil,  disturbed,  with  lamps  of  white  rubbly  limestone  .     1    6 
'  B.  Impure  limestone  full  of  ferruginous  oolitic  grains ;  a  layer  of 
corals  ( Thecotmilia  (mnularis)  at  the  top,  and  a  band  of  hard 
nodules  6  inches  from  the  base ;  lAthodomus  inclnsus  occurred 
in  theooraU 2    3 

D.  Brown  clay,  containing  soft  white  nodules,  and  in  the  lower 
part  Grwhaa  diiatiUa,  OdreagregariOy  Exogyra  nana,  Uni- 

cardium  aepr€S$u7n,  Fermilia  sulctUa,  Serpula  b^ 2    0 

Passing  down  into — 

O.  Clay,  blue  and  sometimes  distinctly  laminated  abore,  blackish 
S  •{         below ;  the  lower  part  full  of  Exogyra  nana  and  Serpula ;  other 
fossils  were  Modiola,  small  (young  of  M.  bipartka  /),  ammo- 
nites (apparently  either  A,  vert^fralis  or  A,  cordaCus) ;  much 
iron  pyrites,  but  no  pjrriUsed  fossils  found 7    9 

B.  Dark  grey  impure  limestone,  full  of  brown  ferruginous  oolitic 
grains,  hardest  at  the  bottom,  where  the  fossils  were  more 
abundant ;  the  upper  part  contained  AmmonUes  sp.,  AviaUa 
inaguivalvis  f,  and  a  large  Serpula ;  the  lower  part.  Ammonites 
{Cardtocerae)  cordatus.  A,  {(J,)  Marue,  Exogt^  nana,  Pecten 
fibrosue,  Modiola  bipartita,  Bhynckonella  mrtaiM,  Serpula  sp.    4    0 

A.  Soft  blue  day  with  pyritised  ammonites  and  many  Oryphia 
dikUata ;  at  the  top  a  well-marked  thick  band  of  Vermilia 
euleata ;  other  fossils  were  Ammonitee  (Pelfocerae)  Eugenii, 
CueuUcea  coneinna,  etc,  4    6 


22    0 


Mr.  Thomas  states  that  on  the  southern  side  of  the  well  the  depth 
of  soil  was  3  feet  or  more  instead  of  only  1  foot  6  inches,  and  that 
the  ground,  at  any  rat«  on  this  side,  had  been  disturbed,  pieces  of 
Boman  pottery  being  found  at  the  bottom  of  the  soil.  Below  this, 
there  was  no  sign  of  either  disturbance  or  unconformity  in  the 
section. 

The  beds  (£)  of  the  well-section  and  (1)  of  the  field-section  must 
be  the  same.  It  will  be  seen  that  in  the  short  distance  between  the 
two  sections  the  Els  worth  Bock  comes  up  nearly  to  the  surface,  a 
rapid  rise  of  which  there  is  little  or  no  indication  in  the  field-section. 
However,  there  is  no  reason  to  suspect  a  fault,  for  the  rise  is  hardly, 
if  at  all,  more  rapid,  probably,  than  that  shown  by  the  suddenly- 
increasing  angle  of  dip  at  the  northern  end  of  the  Southern  Quarry. 

Mr.  H.  Keeping,  of  the  Woodwardian  Museum,  subsequently 
examined  the  material  thrown  out  from  the  well,  and  collected  a 
large  series  of  specimens  from  it.  He  at  once  recognized  the 
Elsworth  Bock,  with  Oxford  Qay  below. 

I  have  examined  the  fossils  obtained  by  Messrs.  Thomas  & 
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MoFarlane  and  by  Mr.  Keeping,  and  have  identified  the  follow- 
ing:— 


From  the  EUworth  Book  :— 

Ammonites    (Cardiooeras)    cordatuB, 

Sow. 
A,  (C.)  vert^brralU,  Sow. 
A,(a)McruB.d'Otb, 

A,  {Peitoceras)  EugmUi,  Batp. 
B^emnita  Oweni,  Pratt 

B.  heutatus  (f),  BUinr. 
B.  abbretnattts  (7j,  Mili 
PUurotomaria    granulaia,    Lyo.   won 

Sow. 
Area  mnmla,  Phil. 
AUarU  ovatat  Smith. 
Avicula  inrnquivalvis.  Sow. 
Exogyra  fuma^  Sow. 
GryvJma  diUttata,  Sow. 
Moahla  hipartUa,  Sow. 
Myncites  (T), 

Okrea  (AUctryania)  greffaria.  Sow. 
Opia  PhUlipu,  Mor. 
Pecten  articulatua,  Sohloth. 
P,fibro8U8t  Sow. 
P.  lens.  Sow. 


Pkoladomya  parcioosta,  Ag. 
I    Unieardimm  depresswn,  PnU. 

Rkynckonella  ffonans,  Sohloth. 

WatdkHmia  bmeeuUnta  (t).  Sow. 

Serpula  tp. 
I    VermiUa  mUeata,  Sow. 

From  the  Oxford  Olay  : — 

I    Erytna  tp.  (?) 
AmmaniUss   (Cardioeeras)   oardatms. 

Sow. 
A,  (Harpoceras)  kseiicus,  Bein. 
A,  {Peitoceras)  athleta  (t),  PhiL 
A,  (Peitoceras)  Euyemii,  Baap. 
A,  {Perispkinctes)  of.  6tp^,  Sow. 
Beltmnites  kastatus,  Blainv. 
5.  Owwt,  Pratt. 
CucuUaa  ooHcinna,  Phil. 
Gryphifa  dilatata,  Sow. 
Modiola  bipariita.  Sow. 
Nucnta  sp. 
PMtm  sp. 
Ptfma  mt^,  Phil. 


8ome  of  the  ammoniten  in  the  Oxford  Claj  here,  as  usual,  are 
pyritized.  Thia  is  stated  nerer  to  be  the  case  in  the  A.mpthill 
Clay. 

Mr.  Keeping  also  caused  an  excavation  to  be  made  in  a  ditch  near 
the  Engine  Mill,  nearly  \  mile  south  of  the  Inn.  Here  again 
Elsworth  Rock  was  found,  the  bottom  of  it  being  reached  at  a  depth 
of  6^  feet  from  the  surface  of  the  field ;  below  this  the  excavation 
was  continued  a  little  deeper  in  Oxford  Clay.  I  have  examined 
the  fossils  obtained  from  the  £lsworth  Bock  here  also,  and  hare 
found  them  to  be : — 


Ostrea  (A.)  Jlabelloides,  Lara. 
JHastopora    (Berenieea)    diluviana, 
Lamx.  (on  Ammonites  Goliaikms). 
Vermilia  sulcata,  Sow. 


Ammonites  {Cardioceras)    GoUathus, 

d'Orb. 
Gryphtta  dikUata,  Sow. 
Exogyra  nana.  Sow. 
Ostrea  (Alectryonia)  yregaria,  Sow. 

This  brings  our  list  of  Elsworth  Rock  species  from  Upware  to 
twenty-nine.  Of  these,  all  but  Ammonites  Eugenii^  A,  Maria ^ 
Beltinniits  abbreviatus  (f ),  Rhynchonella  varians,  and  Berenicea  di- 
luviana  have  been  found  at  Elsworth  or  St.  Ives.  Ostrea  flabeUoidtM 
and  Vermilia  eulcaia  are  in  the  Woodwardian  Museum  series  of 
Ebworth  fossils,  though  not  recorded  by  Mr.  Roberts.  The  litho- 
logioal  resemblance  between  this  Upware  Rock  and  those  of  Elsworth 
and  St.  Ives  is  complete,  the  lower  bed  at  Upware  being  grey  and 
unaltered  as  at  Elsworth,  the  upper  brownish-yellow  and  oxidized 
as  at  St.  Ives.  The  brown  oolitic  grains  occur  also  in  the  clay 
between  the  upper  and  lower  Elsworth  limestone  at  Upware, 
especially  near  the  top  and  bottom  of  it,  but  not  in  the  Oxford 
Clay  below. 
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Considering  the  strong  litholog^cal  and  palsBontological  resem- 
blance between  this  Upware  rock  and  the  types  at  Elsworth  and 
St.  lyes;  considering  slIbo  the  occurrence  of  a  similar  rock  with 
similar  fossils  at  several  localities  in  the  neighbourhood  of  Elsworth 
and  St.  Ives  ;  also  between  these  places  and  Upware,  at  Bluntisham 
on  the  authority  of  Prof.  Seeley,^  and  at  Chettering  Farm,  2^  miles 
norlh-west  of  Upware,  on  that  of  Mr.  Roberts,  there  can  be  no 
doubt  of  the  correctness  of  the  correlation  of  this  Upware  rook 
with  that  of  Elsworth  and  St.  Ives.  At  Upware,  as  at  Elsworth, 
according  to  Prof.  Seeley,  the  series  consists  of  three  members,  an 
upper  and  a  lower  limestone  separated  by  clay.  The  relative 
thicknesses  are,  however,  naturally  somewhat  different.  The  series 
seems  to  vary  somewhat,  for  at  Chettering  Farm  there  is  said  to 
be  8  feet  of  Elsworth  limestone  under  Ampthill  Clay,  and  over- 
lying 11  feet  of  light-brown  sandstone.  Little  stress  then  can  be 
laid  on  any  such  identity  of  divisions  at  Upware  ani  at  Elsworth, 
and  an  access  of  calcareous  matter  to  the  middle  division  at  Upware 
would  convert  the  whole  into  an  uniform  limestone  of  Elsworth 
type. 

The  upper  limit  of  the  Elsworth  Bock  at  Upware  must  be  more 
or  less  arbitrary.  It  should,  perhaps,  be  placed  below  the  bed  of 
TJieeosmUia^  which  forms  the  top  of  E  in  the  well-section  (p.  609),  and 
below  2  in  the  field -section  (p.  606).  The  marl  above,  with  its  crys- 
talline beds  of  ThecoMmUiay  and  the  PentacrinxaAiedia  would  then  form 
a  passage.  It  is  noticeable  that  Thecosmilia,  so  abundant  in  the 
lower  part  of  these  passage-beds,  is  quite  unknown  in  the  Rag  and 
oolite  of  Upware,  but  has  been  found  at  Elsworth. 

The  lower  limit  of  the  Elsworth  Rock  is  easily  fixed  by  the 
well-marked  band  of  Serpula^  which  Mr.  Keeping  states  is  per- 
sbtent  at  the  top  of  the  Oxford  Clay  throughout  the  whole  district. 
It  b,  he  says,  visible  at  the  base  of  the  Elsworth  Rock  at  Elsworth, 
and  at  the  base  of  the  Ampthill  Clay  at  Qamlingay.  At  Upware  it  is 
crowded  with  Serpula^  intermixed  with  shells  of  Exogyra  nana^  etc., 
and  may  mark  a  pause  in  deposition.  Its  matrix  is  clayey,  and  above 
it  there  seems  to  be  2  or  3  inches  of  clay  with  ferruginous  oolitic 
grains.  A  less  definite  <9^/mZa-band  occurs  here  in  the  clay  between 
the  upper  and  lower  Elsworth  limestones.  Mr.  Thomas  found  it  here 
full  of  large  crystals  of  p3rrites. 

Mr.  Keeping  has  carefidly  examined  the  ground  for  some  distance 
to  the  south  and  east.  He  has  shown  me  that,  although  the 
Upware  Corallian  type  is  represented  by  fragments  on  the  surface 
for  a  short  distance  south  of  the  well,  it  is  soon  replaced  by  Els- 
worth Rock  and  Elsworth  fossils,  which  occur  abundantly  both  on 
the  surface  and  in  the  ditches  for  |  mile  south  of  the  Inn.  As 
already  mentioned  (p.  610),  he  found  Oxford  Clay  below  it  in  a  pit 
which  he  had  dug  opposite  the  Engine  MiU,  at  a  point  nearly  as  fur 
south  as  the  last  surface-indications  of  Elsworth  Rock.  One  hundred 
yards  beyond  this  limit  to  the  south  he  found  the  Upware  Corallian 
type  again  at  the  surface,  till  yet  farther  south  it  disappears  beneath 
^  Ann.  Msg.  Nat.  Hist.  ser.  3»  toL  z  (1862)  p.  101. 
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the  fen.  He  points  out  that  the  Elsworth  Bock  and  overljing  heds 
fonn  a  denuded  anticline  south  of  the  well.  He  has  also  traced  the 
Elsworth  Rock  for  nearly  a  mile  eastward  towards  Wicken,  where 
it  is  foUowed  hy  higher  Corallian  for  about  20  yards  before  reaching 
the  fen.  Farther  north,  near  the  windmill,  he  found  the  Upware 
Corallian  type  again.  It  had  been  recorded,  however,  by  the  late 
Prof.  W.  Keeping  and  Mr.  Tawney,  beneath  the  Greensand  at  the 
brickyard  farther  east.^ 

A  rough  sketch-map  is  here  given,  showing  the  position  of  the 
Elsworth  Rock  at  the  surface,  and  Mr.  Keeping's  suggested  exten- 
sion of  the  Corallian.     It  is  taken  from  the  1-inch   Geological 

Survey  Map,  the  portions 

Geological  Map  of  the  neighbourhood 
of  Upware. 


marked  off  by  boundary- 
lines  being  those  mapped 
by  the  Geological  Sur- 
veyors, while  the  farther 
extension  to  the  south 
is  indicated  outside  these 
boundary-lines. 

It  was  stated  by  Mr. 
H.  B.  Woodward  (GeoL 
Surv.  Mem.  1891)  that 
the  Corallian  beds  here 
seem  to  have  no  constant 
dip :  it  was  shown  by  Mr. 
Roberts  that  a  fold  or 
a  fault  (of  which  latter 
there  is  no  evidence)  was 
necessary  if  the  Northern 
Quarry  oolite  was  to  be 
placed  below  the  Bag;  I 
have  mentioned  (p.  602) 
that  the  dip  changes 
visibly  in  amount  within 
the  Southern  Quarry ; 
and  Mr.  Keeping  has 
pointed  out  that  there  is 
an  anticline  before  the 
final  disappearance  of 
the  Corallian  beneath 
the  fen  to  the  south. 
There  is  then  abundant 
evidence  that  the  beds 
undulate,  as  Mr.  Wood- 
ward suggested.  An- 
other apparent  anticline  will  be  indicated  subsequently  between 
the  Southern  Quarry  and  the  Inn. 

The  stratigraphical  relationship  of  the  Elsworth  Bock  at  Upware 

^  See  W.  Keeping, '  Fossils  ...  of  Upware  k  BriokhiU/  Sedgwick  Prise  Enav 
for  1879  (1883).  ' 
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to  the  Rag  and  oolite  is  at  present  dependent  on  the  interpretation 
placed  on  the  field-section  near  the  well.  At  first  sight  it  was 
natural  to  suppose  that  the  Elsworth  Rock  formed  the  base  of  the 
Upware  Corallian,  and  that  the  marl  and  white  rubbly  limestone 
above  it  represented  the  lowest  part  of  the  oolite.  The  Elsworth 
Bock  comes  to  the  surface  a  short  distance  south  of  the  well,  while 
the  higher  beds  of  oolite  and  the  Eag  in  the  Southern  Quarry  rise 
towards  the  south,  the  last-named  being  lost  at  the  surface  some 
50  yards  from  the  southern  end  of  the  quarry.  With  the  slight 
dip  there  apparent  a  considerable  thickness  of  oolite  might  have 
cropped  out,  bringing  its  basement-bed  to  the  surface  in  the  neigh- 
bourhood of  the  field-section  and  the  weU.  Indeed,  but  for  the 
white  limestone  and  its  fauna  in  this  field-section,  probably  no  one 
would  hesitate  to  adopt  the  simpler  explanation  that  the  Elsworth 
Bock  comes  below  the  base  of  the  Upware  oolite,  a  considerable 
thickness  of  the  latter  having  cropped  out  and  been  lost  at  the  surface, 
an  explanation  more  closely  in  accordance  with  preconceived  ideas 
of  the  position  of  the  Elsworth  Bock.  Even  as  it  is,  the  presence 
above  of  a  fauna  not  found  at  Upware  lower  in  the  oolite  than  its 
highest  beds  might  be  explained  away  on  the  ground  that  the  rock 
in  which  it  occurs  is  not  an  oolite,  and  that,  under  conditions 
slightly  difierent  from  that  of  the  oolitic  deposit,  the  Bag-fauna  might 
have  come  down  somewhat  lower.  This  view  does  not  commend 
itself  to  the  present  writer.  We  may  urge  against  it :  (1)  that  the 
limitation  of  a  large  number  of  the  fossils  of  this  overlying  limestone 
to  the  Bag  and  highest  oolite  is  absolute  at  Upware ;  (2)  that,  as 
already  stated,  there  is  no  sign  of  a  break ;  (3)  that  evidence  from 
dip  is  of  no  value  here,  for  it  has  been  shown  that  the  beds  undulate, 
and  that  the  higher  Corallian  comes  on  again  about  |  mile  farther 
south ;  (4)  that  the  white  limestone  here  resembles  more  closely 
the  Bag  than  the  oolite,  and  has  every  appearance  of  a  detrital 
origin,  from  degradation  of  the  reef,  and  that,  if  so,  it  must  neoes* 
sarily  occur  above  the  oolite  and  not  at  its  base ;  (5)  that,  if  of  detrital 
origin,  its  fauna  could  not  be  earlier  than  that  of  the  reef  from 
which  it  is  derived  ;  (6)  that  if  the  oolite  had  cropped  out  and  been 
denuded,  bringing  its  basement-bed  to  the  surface,  then  this  spot 
would  have  been  well  within  the  area  of  oolitic  deposit  and  there 
would  be  no  apparent  reason  for  the  occurrence  here  of  a  limestone 
of  a  difierent  type  ;  (7)  that  in  the  well  at  High  Fen  Farm  there  is 
no  sign  of  a  non-oolitic  limestone  or  of  the  approach  of  a  *  Bag ' 
fauna,  but  there  are  indications  of  the  proximity  of  clay ;  (8)  that 
the  *•  Bag '  fauna,  well  represented  in  the  top  of  this  section  by  reef- 
corals,  lamellibranchs,  and  Cidaris^  seems  to  belong  to  somewhat 
shallow-water  conditions,  and  probably  for  that  reason  is  not  found 
low  down  in  the  oolite. 

It  may  be  suggested  that  possibly  the  white  limestone  here  is  not 
conformable  to  the  underlying  beds.  No  such  unconformity  is  visible ; 
there  seems  to  be  a  complete  passage  upwards :  a  regular  gradation 
firom  the  continuous  crystalline  layers  with  ThecosmiUa  to  the  higher 
broken  layers  with  Thamnastrcea  and  Isastrcea.  If  there  were  a 
break  at  the  base  of  this  white  limestone,  none  could  be  suggested 
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lower ;  and  yet  below  the  laminated  marl,  in  the  crystalline  bands 
with  Thecosmiliayiheie  occur  C%darisJUirigemma(m  some  abundance), 
Terebratula  maltonensis,  Thamnasircea  concinnay  and  other  forms 
never  found  below  the  highest  oolite  at  Upware. 

The  conclusion,  then,  seems  inevitable  that  no  oolite  has  been  lost 
here,  and  that  the  passage-beds  and  Els  worth  Bock  really  come  just 
below  the  Bag  horizon.  In  this  case  there  would  be  another  anti- 
cline (or  a  fault,  of  which  I  have  found  no  evidence  anywhere  in  the 
neighbourhood)  between  the  Southern  Quarry  and  the  well-  and 
field-sections. 

It  appeared,  then,  desirable  to  re-examine  the  evidence  on  which 
the  Elsworth  Bock  has  been  correlated  with  the  Lower  Calcareous 
Grit,  by  the  light  of  more  recent  additions  to  the  faunas  both  of  the 
Elsworth  and  St.  Ives  Bock  and  of  the  Corallian  generally.  About 
a  hundred  species  have  been  found  at  Elsworth  and  St.  Ives.  On 
taking  the  Yorkshire  Corallian  area  and  comparing  the  Elsworth 
and  St.  Ives  fauna  with  those  of  (1)  the  Lower  Corallian  Oolite, 
Lower  Calcareous  Grit,  and  still  lower  British  formations,  and  (2)  the 
higher  Corallian  beds  and  higher  formations,  it  appears  that  some 
76  Elsworth  and  St.  Ives  species  are  found  in  the  Lower  Corallian 
Oolite  and  Lower  Calcareous  Grit  or  in  Oxford  Clay  or  stiU  lower, 
while  71  are  found  above  the  Lower  Corallian  Oolite.  Of  these  76 
forms  from  the  Yorkshire  Lower  Corallian  and  below,  one  is  a  doubt- 
ful Elsworth  form,  and  another,  not  found  higher  in  Yorkshire,  is  so 
found  elsewhere  in  England;  while,  of  the  71  higher  Corallian  species, 
2  that  are  not  found  lower  down  in  Yorkshire  are  so  found  elsewhere. 

A  comparatively  thin  and  impure  calcareous  deposit  such  as 
the  Elsworth  Bock,  covering  no  great  area  and  for  the  most  part 
isolated  in  the  midst  of  thick  clays,  might  perhaps  preserve  a 
greater  proportion  of  Oxford  Clay  species  than  more  extensive  and 
dicker  Corallian  rocks  did.  Moreover,  there  probably  still  remain 
in  our  Corallian  lists  certain  forms  wrongly  identified  with  species 
of  the  better-known  Lower  Jurassic  faunas.  This,  of  course,  tends 
towards  an  exaggeration  of  the  number  of  Elsworth  Lower  Corallian 
forms  as  compared  with  those  of  the  Upper.  At  any  rate,  if  we 
neglect  occurrences  in  the  Oxford  Clay  and  below,  we  find  58  species 
common  to  the  Elsworth  Bock  with  the  Lower  Calcareous  Grit  and 
Lower  Corallian  Oolite  of  Yorkshire ;  3  of  these,  not  found  higher 
in  Yorkshire,  being  so  found  elsewhere,  while  as  many  as  69  forms 
are  common  to  the  Elsworth  Bock  with  higher  Corallian  beds  of 
Yorkshire,  2  of  these,  not  found  lower  in  Yorkshire,  being  found 
lower  elsewhere  in  England. 

The  late  T.  Boberts  pointed  out  that  though  5  Elsworth  species 
(Asiarte  rohusta^  Cucvllasa  dathrata,  Cardium  Orawfardi^  ffinnUa 
aljectaSy  and  Isocardia  glohosa)  are  elsewhere  found  only  below  the 
Corallian,  yet  they  are  all  species  of  long  range  and  not  peculiar  to 
the  Oxford  Clay.  One  of  these,  BinniUs  ahjectus,  is  now  recorded 
from  the  Malton  Oolite,  in  which  Waldheimia  hucculenUi  has  also 
been  found.    Thb  is  one  of  the  species  mentioned  by  Mr.  Boberts  as 
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essentially  Lower  Corallian,  and  another  of  these,  MiUericrinus  eehi- 
natus^  is  now  recorded  higher  both  in  Yorkshire  and  in  the  South  of 
England ;  other  Elsworth  species  not  found  above  the  Lower  Oolite 
in  Yorkshire  are  Oonio<iieiru$  eristatus.  Ammonites  convolutus^ 
NautUus  perinjlatusj  Natiea  tenuis,  Affieula  braamhuriensis,  and 
TValdheimia  HudUsUmi,  while  Natiea  Glymenia,  Avieula  pteroper^ 
noicUsy  Cypricardia  glabra,  Lima  subaniiquata,  Waldheimia  mar- 
garita  (?),  and  Cidaris  Jlorigemma  are  peculiar  to  higher  Corallian 
beds  in  Yorkshire. 

I  have  not  been  able  to  compare  the  Elsworth  Rock  fauna  with 
that  of  the  other  English  Corallian  areas  in  the  same  way,  owing 
to  the  inclusion  of  Elsworth  forms  in  the  fauna  of  the  perarmatus- 
zono  of  the  South  of  England,  in  the  tables  published  by  the  Geological 
Survey,  some  species  being  apparently  so  included  only  on  the  strength 
of  their  occurrence  at  Elsworth  and  St.  Ives.  Perhaps  Cidaris 
Jlorigemma  is  an  instance  of  this.  There  are  some  71  species  common 
to  the  Elsworth  and  St.  Ives  Rock  with  the  plicatUis-zone  in  the 
South  of  England  and  at  Upware.  As  regards  the  Oxford  Clay 
forms  which  occur  in  the  Elsworth  Rock,  two  more  may  be  added 
to  them  from  that  rock  at  Upware  (Ammonites  Eugenii  and  Rhyn- 
ehoneUa  variam)  ;  yet  the  base  of  the  Elsworth  Rock  is  here  only 
about  20  feet  below  a  rock  full  of  typical  *  Rag '  forms. 

It  is  not,  of  course,  suggested  that  the  above  comparison  affords 
any  gpround  for  placing  the  Elsworth  Rock  higher  than  the  Lower 
Calcareous  Grit  of  Yorkshire  ;  but  the  foregoing  statistics  do  seem  to 
show  that  there  is  no  longer  any  palceontological  evidence  for 
correlating  it  with  the  Lower  Calcareous  Grit  rather  than  with 
higher  beds.  It  is  perhaps  only  another  instance  of  the  difficulty  of 
correlating  distant  Corallian  rocks  by  fossil  evidence,  where  faunistic 
changes  are  due  more  to  difference  of  conditions  than  of  horizon,  and 
most  of  the  species  have  a  wide  range.  It  should  be  remembered 
that  the  Elsworth  Rock  was  first  placed  in  the  Oxford  Clay,  and  that 
anyone  thinking  it  necessary  to  raise  it  to  a  higher  horizon  would 
naturally  correlate  it  with  the  Lower  Corallian,  in  the  absence  of 
decisive  evidence  for  a  still  higher  position. 

Of  stratigraphical  evidence  for  a  correlation  strictly  with  the  Lower 
Calcareous  Grit  there  is  of  course  none,  if  by  *'  Lower  Calcareous 
Grit '  we  mean  anything  more  definite  than  a  local  base  of  the 
Corallian  at  whatever  horizon. 

The  precise  relation  of  the  Elsworth  Rock  at  Upware  to  the 
Corallian  Oolite,  whether  the  former  constitutes  the  base  of  the  latter 
or  passes  into  it  laterally,  cannot  be  determined  at  present.  The  two 
are  certainly  very  closely  associated.  It  is  seen  that  there  is 
no  intervening  Ampthill  Clay,  unless  the  marly  passage-beds  above 
and  the  day  between  the  two  limestones  of  the  Elsworth  Rock  are  ' 
to  be  regarded  as  such.  Believing  that  the  upper  white  limestone 
of  the  field-section  represents  the  true  '  Rag '  horizon,  I  am  rather 
inclined  to  the  opinion  that  the  Elsworth  Rock  passes  laterally 
into  the  Oolite  eastward  and  northward.    Still  there  is  no  real 
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reason  against  its  passing  under  and  forming  the  base  of  the 
Corallian  Oolite,  except  perhaps  the  thickness  of  oolite  under  which 
it  would  have  to  pass.  It  is  worth  noting,  too,  that  although  there 
were  signs  of  the  proximity  of  day  in  the  blue  oolite  from  the 
bottom  of  the  well  at  High  Fen  Earm,  no  trace  of  ferruginous  oolitic 
grains  was  found,  and  no  difference  of  fauna  from  that  of  the  Northern 
Quarry  except  ihe  greater  abundance  of  fossils  and  the  presence 
of  one  coral-specimen  which,  as  embedded  in  its  matrix,  might  be 
either  a  Montlivaltia  or  a  Thecosmilia^  probably  the  former. 

In  favour  of  the  view  that  the  Elsworth  Eock  passes  laterally  into 
the  Corallian  Oolite  there  are  these  considerations : — ^The  Elsworth 
Eock,  though  found  at  several  places  to  the  west,  is  not  known 
directly  north  or  east.  It  is  known  to  be  absent  at  March,  where 
a  deep  boring  *  showed  continuous  clay  from  the  Kimeridge  into  the 
Oxford.  Prof.  Sedgwick  stated  that  several  wells  were  sunk 
between  Cambridge  and  King's  Lynn  through  Kimeridge  and  Oxford 
strata  without  meeting  any  Corallian.  The  Elsworth  Bock,  then,  is 
absent  at  no  great  distance  north  and  north-east  of  its  exposure  at 
the  southern  end  of  the  Corallian  ridge  of  Upware,  an  area  of  great 
change  from  the  prevalent  clay-conditions  of  this  part  of  England, 
and  about  the  horizon  of  the  Elsworth  Eock.  It  is  therefore  here, 
if  anywhere,  that  we  might  expect  the  Elsworth  Eock  to  alter  in 
character.  Moreover,  it  seems  more  natural  to  account  for  the 
introduction  of  this  thick  Upware  oolite  in  the  midst  of  Jurai^c 
clays,  as  an  expansion  of  the  Elsworth  Eock,  than  to  assume  the 
presence  of  both  at  the  same  spot  and  leave  the  former  unaccounted 
for.  The  continuous  SerpulaA)^  at  the  top  of  the  Oxford  Clay  and 
the  occurrence  of  lumps  of  clay  in  the  lower  part  of  the  Oolite  at 
High  Pen  Farm  suggest  the  possibility  of  a  pause  in  deposition  such 
as  tiiat  indicated  by  the  nodule-bed  at  the  base  of  the  Kimeridge,  or 
of  an  eroded  basin,  as  in  the  Gault  below  the  Cambridge  Greensand. 
If  the  deposit  which  has  formed  the  Elsworth  Eock  passed  into 
some  such  local  basin,  it  might  well  change  in  character  at  once 
rather  than  continue  at  first  of  the  same  type.  Still,  I  am  well 
aware  that  no  proof  has  been  given  here  of  a  lateral  passage,  and  I 
am  content  to  wait  for  further  evidence  which  may  be  forthcoming 
at  Upware. 

The  Upware  Corallian,  then,  seems  to  represent  the  whole  of  the 
Ampthill  Clay  of  Bedfordshire  and  Lincolnshire.  In  the  district 
between  Elsworth,  St.  Ives,  and  Upware,  and  perhaps  farther  south 
and  east,  the  lower  part  of  the  Ampthill  Clay  develops  into  a 
limestone  of  Elsworth  type  which  is  closely  associated  with  the 
Upware  Corallian  and  may  pass  into  the  Corallian  Oolite.  In  any 
case,  considering  the  greater  thickness  of  the  Yorkshire  Corallian,  it 
would  seem  to  belong  to  a  higher  horizon  than  the  Lqwer  Calcareous 
Grit. 

In  conclusion,  I  wish  to  express  my  thanks  to  Messrs.  H. 
H.  Thomas  and  G.  McFarlane,  of  Sidney  Sussex  CoUoge,  for 
^  Mem.  GeoL  Surr.  S.W.  Norfolk  &.  N.  Oambs.  1693,  p.  164. 
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their  kindness  in  careftdly  examining  and  measuring  the  well- 
section  at  Upware,  and  in  collecting  specimens,  at  some  personal 
inconyenience ;  to  Mr.  H.  Keeping,  of  the  Woodwardian  Moseom, 
for  the  trouble  that  he  has  taken  in  examining  the  well  and  in 
tracing  the  farther  extension  of  the  Elsworth  and  Upware  lime- 
stones, also  for  allowing  me  to  examine  the  large  series  of  fossils 
which  he  has  obtained  from  both  rocks ;  to  Dr.  G.  J.  Hinde,  for 
kindly  examining  certain  sponges  from  Upware ;  to  Mr.  F.  Chapman, 
who  was  good  enongh  to  give  his  opinion  on  certain  foramimfera ; 
and  to  Mr.  J.  E.  Marr  for  mnch  valnable  advice. 


Note  on  certain  Corallian  Fossils  from  Upware. 

The  small  exposure  of  *  Eag '  in  the  Southern  Quarry  has  been 
for  many  years  so  carefully  searched  for  fossils  by  many  geologists 
that  few  new  forms  are  likely  to  be  found,  except  perhaps  among 
the  foraminifera.  To  the  fauna  of  the  '  Eag '  proper  the  present 
writer  is  able  to  add  only  one  form,  a  tooth  of  Hyhodus ;  this, 
however,  is  interesting  as  being,  so  far  as  known,  the  only  vertebrate 
yet  found  at  Upware.  H.  grossiconus  has  been  recorded  from  the 
Elsworth  and  St.  Ives  Rock. 

Besides  this,  the  sponge  recorded  by  Boberts  from  the  '  Rag '  as 
Seyphia  sp.  proves  to  be  ffolcospongia  glomerata  (Quenst.).  I 
have  found  this  species  in  both  the  Rag  and  the  oolite,  and  in 
the  section  near  the  Inn.  Thinking  that  other  species  of  HoUo^ 
gpangia  might  be  represented,  I  submitted  specimens  to  Dr.  G.  J. 
Hinde,  who  was  good  enough  to  examine  them,  and  considers  them 
eJltohe  H.  glomerata,  except  perhaps  one  specimen. 

In  the  series  of  fossils  obtained  by  Mr.  Keeping  from  the  highest 
beds  of  oolite  in  the  Southern  Quarry,  beds  which  have  been 
neither  so  long  exposed  nor  so  frequently  worked,  there  occur  a  few 
forms  new  to  Upware,  namely: — 

Peeten :  an  internal  cast  of  a  rather  large  spedee,  showing  traces  of  strong 
concentric  marking  as  well  as  nnmerous  ribs ;  it  resembles  somewhat 
P.  annulatus, 

Opis,  large  sp.  (not  0.  virdunensis) :  an  unnamed  specimen  of  apparently 

the  same  species,  from  the  Bag,  is  in  the  Woodwardian  Museum. 
Waldheimia  sp. 

The  following,  previously  recorded  from  the  '  Rag,'  have  been 
obtained  by  me  from  the  Northern  Quarry  oolite : — 


En/ma  sp.  (?). 

Ammonitea  (Cardioeeras)   verUbraUs, 

Tar.  eawtonensis,  BL  &  H. 
DentaHum  sp. 
Exogyra  nana.  Sow. 


GervUUawp. 

Ostfta  sp. 

Vermilia  aulcata.  Sow. 

Holcoapongia  glomerata  (Quenst.). 


In  the  field-section  near  the  Inn,  from  the  limestone  with  'Rag'- 
fossils  (bed  4  of  the  section)  ffolcospongia  glomerata  (Quenst.), 
Holcospongia,  another  sp.  ?,  and  Vaginulina  legumen  ?  (or  Dentalina 

a  J.  G.  S.  No.  216.  2x 


Digitized  by 


Google 


618 


MB.  C.  B.  WBBD  ON  THE 


[Nov.  1898, 


sp.?)  may  be  recorded,  the  foraminifer  on  the  authority  of 
Mr.  E.  Chapman.  In  a  slice  of  this  rock  Mr.  Chapman  noticed  also 
other  fragments  of  foraminifera,  which,  he  states,  may  be  Ifaplo- 
phragmium  and  VcdvuUna. 

In  the  <  passage-beds '  (2  6  of  the  field-section)  ThecoimUia 
annularis,  Flem.,  occurs  abundantly,  and  has  not  been  previously 
found  at  Upware. 

From  the  two  exposures  of  Elsworth  Bock, 


Ammonites      (Cardiocerat)     Maria, 

d*Orb. 
A,  (Pelioceras)  Eugenii,  Basp. 


RhynchoneUa  varians^  Sdiloth. 
Diastopora     (Beremcta)     dtiuviana, 
Lamk. 


are  new  to  the  Elsworth  Bock  fauna. 

The  Woodwardian  Museum  has  also  the  following  unpublbhed 
species  from  the  Bock  at  Elsworth  and  St.  Ives : — 


Ammanitea  ( Cardioceras)  cordatus,  var. 

exeavatuSf  Sow.    TSt.  Ires.) 
Alaria  bispinosa  /,  PhiL  (Elsworth.) 
Cerithium^  sp.    f  St.  lyes.) 
Trochtts,  sp.    (Elsworth.) 
Cypricardia  glabra,  BL  &  H.     (BIb- 

worth.) 


lArna  mbantiquata,  B<em.  (Els- 
worth.) 

Opis  Phillipsi,  Mor.    (Elsworth.) 

Waldheimia  margaritat,  0pp.  (EIb- 
worth.) 

Hyboclyptu  gibberulus,  Ag.    (St  lyes.) 


A  word  may  be  said  about  the  common  ^Serpuke^  of  the  Upware 
rocks.  *'  Serpula  tetragonal  Sow.,'  appears  in  the  published  list  of 
Upware  Bag  species,  and  '  Serpula  sp.'  in  the  Elsworth  list ;  in 
the  Woodwardian  Collection  *  Serpulu  tricarinata.  Sow.,'  Elsworth 
Bock,  is  found ;  also  *  Serpula  sulcata^  Sow.,'  Oxford  Clay.  These 
and  the  Serpula  which  forms  the  thick  bed  at  the  top  of  the  Oxford 
Clay  are  all  unquestionably  one  and  the  same  form,  and  that  form 
does  not  agree  with  Sowerby's  figure  and  description  of  S.  tetragcna^ 
Sow.,  or  with  good  examples  of  it  in  the  Woodwardian  Museum 
from  the  Oxford  Clay  elsewhere.  They  all  appear  to  belong  to 
VermUia  sulcata.  Sow.  There  occur,  however,  among  the  thick 
masses  of  the  /SerptiZo-bed,  and  singly  on  Qryphoea,  occasional  tubes 
somewhat  like  Sowerby's  S,  tricarinata,  if  this  be  really  a  distinct 
species,  but  otherwise  appearing  to  be  possibly  only  the  first  stages 
of  the  tube  of  Vermilia  sulcata, 

Discvssioir. 

Mr.  Htjdlbston  commented  on  the  fortunate  circumstance  that 
so  remarkable  a  development  of  limestone  in  the  midst  of  the  Fenland 
clays  was  sufficiently  near  Cambridge  to  attract  the  attention  of 
geologists,  so  that  any  fresh  exposures  of  importance  might  be 
recorded  from  time  to  time.  On  the  whole,  it  was  satis&ctory  to 
find  that  the  original  conclusions  of  Blake  and  Hudleston  as  to  the 
relations  of  Bag  and  oolite  to  each  other  had  been  more  or  less 
confirmed  by  most  of  the  subsequent  writers.  In  such  a  series  mere 
stratigraphy  counted  for  very  little ;  one  could  not  trust  the  beds 
when  once  out  of  sight,  while  in  the  present  paper  abundant  evidence 
of  undulation  and  reversal  of  dip  had  been  brou^t  forward. 
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It  was  obvious  that  if  there  was  any  analogy  with  other  parts  of 
England,  and  especially  Yorkshire,  the  oolites  of  the  northern  pit 
must  be  older  than  the  Rag  of  the  southern  pit.  But  one  of  the 
most  interesting  features  of  this  paper  was  the  announoement  that 
the  oolite  immediately  underlying  the  Rag  in  the  southern  pit  is  to 
be  regarded  as  an  intermediate  series,  having  a  fauna  approaching 
that  of  the  Rag  in  an  oolite-matrix.  He  was  perfectly  p^pared  to 
accept  this  interpretation,  as  very  much  the  same  occurrence  is  noted 
in  the  upper  part  of  the  Coralline  Oolite  of  Malton — an  additional 
resemblance  to  the  series  in  Yorkshire. 

The  fossils  found  in  the  northern  well  seem  to  tally  with  those  in 
the  northern  pit,  and  indicate  a  Lower  Oolite  as  distinct  from  the 
intermediate  Oolite  of  the  southern  quarry  ;  but  surely  this  horizon 
cannot  be  accepted  as  in  any  sense  the  equivalent  of  the  Elsworth 
Rock,  although  it  may  be  close  upon  Oxford  Clay. 

No  one  had  a  better  acquaintance  with  the  lithology  and  palaBon- 
tology  of  the  Elsworth  Rock  than  Mr.  Keeping ;  and  it  was  interesting 
to  know  that  equivalents  of  this  well-marked  series  had  been  found 
at  Upware.  But  again  he  questioned  the  value  of  what  appeared  to 
be  the  conformable  sequence,  and  felt  sure  that  the  ammonites  of 
the  Elsworth  Rock  were  sufficient  to  show  that  it  could  not  be 
classed  as  higher  than  the  Lower  Calcareous  Grit. 

The  Rev.  J.  F.  Blakb  said  that  he  had  lately  had  an  opportunity 
of  revisiting  the  Upware  exposures,  and  found  in  the  southern  quarry 
that  much  more  of  the  underlying  rock  and  less  of  the  Rag,  which 
was  now  a  mere  patch,  was  at  present  exposed.  The  underlying 
rocks  in  the  southern  quarry  were  not  exactly  like  those  of  the 
northern ;  but  the  difference  was  very  slight  when  compared  with 
the  Rag  or  the  so-called  Elsworth  Ro<^.  He  would  only  add  that 
if  the  fossils  from  the  rock  which  had  been  brought  up  from  the 
bottom  of  a  well  did  not,  like  those  of  the  Elsworth  Rock,  indicate 
a  distinctly  Oxfordian  age,  then  the  evidence  for  the  correlation 
with  that  rock  fell  through. 

Prof.  Watts  pointed  out  that  the  Author  had  shown  that  the 
Elsworth  Rock  at  Upware  appeared  to  underlie  rocks  like  those 
under  the  Rag  of  the  southern  quarry  without  any  apparent  dis- 
cordance, although  the  possibility  of  unconformity  had  been  kept  in 
view  while  examining  the  section.  The  deposit  seemed  to  resemble 
that  of  Elsworth  itself  in  lithological  character  and  fossils.  He 
regretted  that,  in  reading  the  paper,  want  of  time  had  prevented  him 
from  stating  the  whole  of  the  evidence  brought  forward  by  the 
Author. 
The  Prssid£nt  also  spoke. 
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41.  Obsebvatiohs  an  the  Gboloot  of  Fravz  Joskf  Lako.  By 
Dr«  RseniALD  Kcbttltts.  (Communicated  by  E.  T.  Newton, 
Esq.,  F.K.8.,  F.G.S.    Bead  June  22nd,  1898.) 

[Abridged.] 

Ooif 


I.  Qeneral  Fettures  of  the  Archipelago 

n.  The  BMaltio  Booki  633 

III.  The  JaraMic  Bockt  636 

IV.  The  Baieed  Beeohes 638 

V.  Ioe-(»pand*Glaoien' 641 

VI.  Glaoiid  and  other  Denudation    643 

It  is  with  g;reat  diffidence  that  I  venture  to  communicate  some 
observations  on  Franz  Josef  Land  to  the  Geological  Society  because 
aotive  labours  in  other  fields  of  science  have,  until  recently,  prevented 
me  from  giving  much  attention  to  geology.  A  residence  of  three 
years  in  Franz  Josef  Land  has,  however,  given  me  exceptional 
opportunities  for  geological  investigation  in  that  little-known  r^on, 
and  I  venture,  therefore,  to  hope  that  the  following  observations 
may  not  be  without  interest. 

But,  in  the  first  place,  I  must  take  this  opportunity  to  express 
my  great  indebtedness  to  Messrs.  Newton  &  Teall  for  much  kind- 
ness and  most  valuable  help  received  by  me  from  them  ;  my  thanks 
are  also  due  to  my  comrades  Messrs.  A.  B.  Armitage,  H.  Fisher, 
W.  S.  Bruce,  D.  W.  Wilton,  J.  F.  Child,  and  J.  W.  Heyward,  for  the 
valuable  information  and  assistance  which  they  have  ungrudgingly 
afforded  me. 

I.  General  Features  of  the  Archipelago. 

On  approaching  Franz  Josef  Land  the  observer  is  struck  by  the 
flat-topped,  plateau-like  aspect  which  is  well  known  to  be  a  leading 
feature  of  all  districts  largely  composed  of  horizontal  sheets  of 
basaltic  rock.  Even  at  a  distance  of  40  miles  the  nearly  horizontal 
upper  edge  of  the  basalt  can  be  seen  in  the  few  exposures  of  rock 
which  protrude  through  the  widespread  mantle  of  snow  and  ice.  A 
nearer  approach  reveals  the  fact  that  the  exposed  headlands  and  rocky 
masses  are  formed  of  successive,  sharply  defined  tiers  of  basalt.  The 
horizontal  line  of  the  upper  sheet,  though  occasionally  reaching  a 
height  of  1000  feet,  is  not,  however,  the  highest  part  of  tiie  land. 
Behind  the  basalt-cliffis,  on  a  clear  day,  a  rounded  surface  or  dome 
of  snow  and  ice  is  seen  to  rise  to  a  higher  level — rarely,  perhaps,  to 
2000  feet — forming  a  background  which  shows  up  distinctly  the 
horizontal  arrangement  of  the  rocks  below.  Snow  and  ice  fill  the 
depressions  between  the  headlands  and  rocky  masses,  covering  the 
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land  down  to  sea-level  and  usually  ending  abruptly  in  an  ice-face 
from  10  to  80  feet  in  height. 

Below  the  exposed  rocks,  which  stem  back  the  ice-flow  and  also 
absorb  the  sun's  rays,  the  land  is  bare.  An  extensive  talus-slope, 
covered  in  many  places  with  moss,  grass,  and  other  planta,  and  in 
some  places  thickly  strewn  with  large  blocks  of  rock,  always  occurs 
at  the  base  of  the  cliffs  where  there  is  any  shore ;  and  below  this 
again  raised  beaches  are  generally  found.  Some  of  the  land-areas, 
as,  for  example,  Bruce  Island,  are  surrounded  by  a  continuous 
ioe-face. 

The  country  is  evidently  the  remains  of  an  old  tableland  which 
has  been  broken  up  into  an  archipelago  of  large  and  small  islands. 
Some  details  of  various  localities  visit^  by  me  will  now  be  given.' 

Northbrook  Island 

is  irregularly  triangular  in  shape,  measuring  about  12  miles  from 
north  to  south  and  about  the  same  along  its  southern  shore,  which 
forms  one  side  of  the  triangle.  It  is  covered  with  snow  and  ice 
over  nineteen-twentieths  of  its  area. 

Cape  Flora  forms  the  western  angle  of  the  triangle.  It  is  an 
isolated  hill  of  no  great  extent,  separated  from  the  main  mass  of  North- 
brook  Island  by  a  deep,  narrow  valley  known  as  Windy  Gully. 
Fig.  1  (p.  622)  is  a  section  through  Cape  Flora  firom  south-east  to  north- 
west, and  from  this  it  will  be  seen  that  the  top  of  the  south-eastern 
face  is  formed  of  a  vertical  precipice  of  ice  between  80  and  100  feet  in 
height ;  that  below  this  is  a  nearly  vertical  face  of  rock,  composed 
of  successive  tiers  of  basalt  (about  500  feet)  ;  and  that  below  this 
again  is  the  talus.  Behind  the  cliff  of  ice  the  surface  rises  to  the 
summit  of  the  dome,  from  which  it  slopes  at  a  more  or  less  gentle, 
though  not  regular,  angle  in  a  north-westerly  direction  to  the  shore 
of  Gunther  Bay.  Here  it  ends  in  an  ice-face  from  10  to  30  feet 
high.  The  special  features  of  this  north-western  ice-slope  are 
again  referred  to  on  p.  623. 

The  southern  and  south-western  sides  of  the  promontory  are 
essentially  similar  to  the  south-eastern,  except  that  the  top  of  the 
cliff  is  not  formed  of  ice.  On  these  sides  there  is  a  ledge  of  rock 
about  50  or  60  yards  wide  at  the  back  of  the  cliff-face,  l^e  highest 
point  reached  by  the  basalt  is  1,111  feet. 

The  basaltic  rocks  are  coarse,  and  for  the  most  part  non-columnar 
masses,  divided  horizontally  into  six  or  seven  tiers.  Here  and  there 
a  rude  columnar  jointing  may  be  observed.  The  greatest  thickness 
of  basalt  is  seen  on  the  southern  face,  where  seven  distinct  beds  or 
sheets  may  be  counted.  The  different  sheets  form  a  succession  of 
steps  or  terraces  which  are  cut  through  by  a  number  of  small  water- 
courses. 

^  Most,  if  not  all,  of  these  are  marked  on  the  map  which  aocompanies 
Messrs.  Newton  &Teall's  first  pM>er  on  Frans  Josef  Land,  Quart  Joum.  G^l. 
Soo.  vol.  liii  (1807)  fig.  1,  p.  478. 
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The  talus  begins  at  575 
feet  above  sea-level.  It  is 
composed  almost  entirely 
of  basaltic  debris  and  is 
traversed  by  the  water- 
courses streaming  down 
from  the  rocks  above.  The 
angle  of  this  talus  varies 
with  its  height :  for  the 
first  quarter  of  its  descent 
it  is  about  44°  or  45° ;  for 
the  next  about  38*^ ;  lower 
down  it  becomes  25°  and 
20"".  It  finally  slopes  at  a 
gentle  angle  on  to  the  raised 
beach. 

Raised  beaches  of  various 
heights  occur  at  Cape  Flora. 
Thus  Elmwood  is  situ- 
ated on  a  well-marked 
beach  which  slopes  gently 
from  60  to  36  feet.  This 
beach  is  prolonged  into  an 
apron-like  front  having  an 
area  of  about  3  or  4  acres. 
The  surface  is  strewn  with 
large  and  small  waterwom 
boulders.  Some  portions 
are  carpeted  with  a  rich 
growth  of  moss,  grass, 
lichens,  and  other  plants; 
certain  parts  are  formed 
of  bare  ground  or  soft 
tenacious  mud.  Many 
other  beaches  besides  that 
on  which  Elmwood  stands 
may  be  recognized  at  Cape 
Flora.  At  the  north-west- 
em  point  of  the  Cape  well- 
marked  terraces  occur  at 
30,  35,  and  80  feet  above 
sea-level ;  and  between  this 
point  and  Elmwood  others 
may  be  observed  at  8,  29, 
45,  54,  and  65  feet.  The 
highest  terrace  is  that  onto 
which  the  talus  descends. 
Further  particulars  regard- 
ing raised  beaches  will  be 
given  in  a  later  par.t  of  this 
communication  (p.  638). 
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At  first  sight,  all  the  rocks  helow  the  basalt  appear  to  be  hidden 
by  the  tfdns ;  bnt  after  the  snmmer  thaw  a  oarefid  search  reveals 
several  spots  where  the  underlying  strata  can  be  examined  in  place. 
A  consignment  of  rocks  and  fo^ils  from  these  and  a  few  other 
localities,  sent  home  in  1896,  formed  the  basis  of  the  paper  by 
Messrs.  Newton  &  Teall,*  while  a  second  series  of  specimens  is 
the  subject  of  farther  notes  by  these  gentlemen  at  p.  646  of  the 
present  volnme. 

The  north-and-south  valley  which  separates  Cape  Flora  from  the 
high  land  to  the  east  is  about  1  mile  long  and  500  yards  wide, 
with  a  general  surface  about  100  feet  above  the  sea.  Some  parts, 
however,  rise  to  greater  elevations.  The  floor  is  covered  over  with 
rounded,  waterwom,  subangular  and  angular  stones  and  boulders, 
together  with  a  dark  tenacious  mud.  Some  parts  are  always  covered 
with  snow  and  ice.  Near  the  southern  end  of  this  valley  there  is  a 
projecting  shoulder  of  rock,  some  370  or  more  feet  above  the  sea, 
from  which  Amtnanitea  Ishmce  and  other  fossils  were  obtained.  The 
bed  of  rock  which  yielded  these  fossils  is  about  80  feet  thick. 

East  of  Windy  Gully  is  another  mass  of  high  ground  (Gullj 
Rocks),  somewhat  similar  in  general  configuration  to  Cape  Flora. 
It  is  triangular  in  form,  with  the  acute  angle  pointing  in  a  south- 
south-westerly  direction.  Five  or  six  ranges  of  basaltic  cliffs  one 
above  the  other  meet  to  form  the  angle.  The  ice-cap  reaches  a 
height  of  949  feet,  and  from  this  the  surface  slopes  towards  the 
north  at  a  gentle  angle  to  Giinther  Bay,  where  it  ends  in  an  ice- 
faoe  about  50  or  60  feet  high. 

Still  farther  east  is  another  depression  or  valley  separating  Gully 
Rocks  from  Cape  Gertrude.  Thb  is  mainly  occupied  by  a  fan- 
shaped  glacier  or  ice-slope  (see  fig.  2,  p.  624),  along  the  surface 
of  which,  at  a  height  of  about  350  feet,  there  is  seen  a  horizontal 
dimple.  Traces  of  raised  beach  are  uncovered  below  this  line  in 
summer,  thus  leaving  no  doubt  as  to  its  meaning.  Other  portions 
of  this  valley  are  formed  of  wet,  muddy  ground,  with  remains 
of  many  recent  marine  mollusca  apparently  in  the  position  in 
which  they  lived,  thus  showing  how  recently  elevation  has  taken 
place. 

The  general  aspect  of  the  southern  coast  of  Northbrook  Island 
east  of  the  point  which  we  have  now  reached  is  represented  in 
figs.  3  &  4  (p.  626).  The  high  land  of  Cape  Gertrude  is  also 
roughly  triangular  in  form  and  is  capped  by  a  dome  of  ice  and 
snow  which  rises  to  a  height  of  1300  feet.  It  is  separated  from  the 
rest  of  Northbrook  Island  by  a  wide  depression  occupied  by  a  fan- 
shaped  ice-slope  similar  to  that  represented  in  fig.  2  (p.  624),  but 
of  larger  dimensions.  Small  points  of  rock  protrude  through  the  ice 
on  the  summit  of  the  dome  daring  the  summer.  The  main  cliff 
itself  is  formed  of  one  tier  of  basalt,  which  is  here  markedly 
columnar  and  therefore  different  from  the  basalt  of  Cape  Flora, 

1  Quart  Joium.  (}eoL  Soe.  toL  liii  (1897)  pp.  477-518* 
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Fig.  2. — DiagrammaHe  sketch  of  ths  *  EasUm  Qlader* 
flowing  off  QvMy  Boekt. 
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[The  dotted  linee  indicate  the  trend  of  the  ioe-alope.] 
Approximate  scale:  2  inches  =^1  mile. 
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with  two  smaller  tiers  or  layers  above  it,  but  well  back  from  the 
oliff-face.  Small  exposures  of  stratified  rock  were  obserred  on  the 
talus,  and  on  the  raised  beaches  below. 

In  the  cli£b  5  miles  east  of  Cape  Oertrude  (figs.  3  &  4,  p.  626) 
there  is  another  good  exposure  of  basalt  made  up  of  several  tiers, 
some  of  which  show  curved  columnar  jointing.  Below  is  a  talus- 
slope  through  which  several  bosses  of  basaltic  rock  protrude.  Under 
the  talus  is  an  extensive  shore  with  imperfect  lines  of  raised  beaches, 
on  some  of  which  morainic  material  has  been  deposited. 

The  coast  firom  this  point  eastward  is  ioe-faced,  with  small  points 
of  rock  protruding  here  and  there.  Cape  Barents,  the  south- 
eastern point  of  Northbrook  Island,  is  a  low  rocky  promontory 
composed  of  two  main  masses  of  columnar  basalt  about  150  feet 
high.  There  is  here  no  talus,  as  the  rocks  rise  sheer  from  the 
sea.  At  the  time  of  our  visit  the  floe  was  still  attached  to  the  land, 
and  upon  it  were  lying  two  or  three  large  blocks  of  basalt  which 
had  recently  fallen. 

From  Cape  Barents  the  coast  trends  north-westward.  It  is  for 
the  most  part  masked  by  an  ice-face,  but  near  the  north-eastern 
portion  of  the  island  a  high  mass  of  basaltic  rock  was  seen.  The 
northern  extremity  of  the  island  is  a  low  plateau,  about  150  feet 
high,  the  surface  of  which  is  chiefly  made  up  of  bare  soil  sprinkled 
over  with  small,  weathered  fragments  of  basalt,  quartz,  and  flint. 
Two  small  exposures  of  columnar  basalt  occur  near  Camp  Point, 
and  one  of  these  undoubtedly  extends  downward  to  sea-level. 

The  north-western  side  of  Northbrook  Island  is  formed  by  G  ii  n  - 
ther  Bay,  which  is  for  the  most  part  bounded  by  ice.  Baised 
beaches  and  basaltic  rocks  were  observed  at  four  localities  near  Camp 
Point  and  at  the  northern  terminations  of  the  three  valleys  already 
mentioned  as  lying  between  Cape  Flora,  Gully  Bocks,  Cape  Gertrude, 
and  the  mainland  of  Northbrook  Island. 


Reginald  Koettlitz  Island 

lies  almost  due  north  of  Cape  Albert  Markham,  on  the  opposite 
side  of  Allen  Young  Sound,  and  about  6  miles  distant.  I  have  seen 
only  the  southern  coast,  which  terminates  in  a  mass  of  columnar 
basalt  (Guy's  Head)  about  800  feet  high,  the  foot  of  which  is 
enveloped  by  ice  flowing  from  glaciers  on  each  side  of  it.  Mr.  Jack- 
son and  others  who  have  visited  the  northern  part  of  the  island 
state  that  it  is  low  bare  land,  and  that  the  shore  on  the  western 
side  is  irregular  in  outline  and  marked  by  several  projecting  spits 
of  low  beach. 

Scott  Keltic  Island 

is  about  2  miles  fh>m  the  north-western  shore  of  Hooker  Island, 
from  which  it  is  separated  by  Mellenius  Sound.  Its  south- 
eastern  and    south-western   shores    are  formed  of   basalt  rising 
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to  a  height  of  about  200  feet.  At  the  top  of  the  olifb  is  a 
plateau  which  slopes  northward  and  finaUy  ends  in  a  low  shore. 
It  was  visited  by  us  in  May  1897,  when  the  surface  was  covered 
with  snow,  so  that  very  little  could  be  seen. 

Hooker  Island. 

To  this  I  refer  here  merely  in  order  to  draw  attention  to  the 
remarkably  perfect,  curved,  basin-like  structure  of  the  columnar 
basalt,  of  which  I  have  endeavoured  to  convey  some  idea  in  the 
appended  sketch  (fig.  5). 

Fig.  5.—  View  of  headland  at  the  narth-weetem  extremity  of 
Hooker  Island,  showing  curved  structure  of  columnar  barnlL 


::;a:^^^^^^^i^^Kss>iE: 


Eaton  Island 

is  a  small  low  islet,  apparently  composed  of  rounded  basaltic 
stones  and  shingle,  being  little  more  than  a  shoal  protruding  above 
the  level  of  the  sea. 

Bruce  Island 

lies  about  8  miles  north-west  of  Northbrook  Island.  It  is  irre- 
gularly oval  in  shape,  measuring  about  12  miles  fh>m  north  to 
south  and  10  from  east  to  west.  It  is  remarkable  as  being  entirely 
surrounded  by  an  ice-face,  from  10  to  60  or  70  feet  in  height,  and 
as  having  only  small  portions  of  its  surface  exposed.  The  slopes 
ascend  from  the  ice-cliff  until  at  about  the  elevation  of  1000  feet 
the  snow-surfaoe  forms  a  more  or  less  level,  slightly  undulating 
plateau.  Depressions  in  the  general  surface  give  some  indications 
of  the  configuration  of  the  land.  At  a  short  distance  from  the  ice- 
face  (100  to  300  yards)  the  actual  surface  is  occasionally  exposed, 
and  smaller  points  of  rock  protrude  at  different  levels  on  the 
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ice-slopes.  We  visited  one  of  the  bare  plateau-surfaces,  and  found 
it  to  be  about  j  mile  long  and  from  100  to  250  yards  broad.  It 
was  oorered  with  soil,  and  strewn  with  fragments  of  basalt,  flint, 
ferruginous  mudstone,  and  quartz.  We  also  found  a  few  small, 
well-rounded  quarts-pebbles.  The  rock  at  the  edge  of  the  pltaeau 
was  composed  of  two,  thin,  almost  horizontal  sheets  of  basalt. 

At  one  spot  on  this  island,  where  the  rock  is  not  exposed,  we 
found  a  hollow  in  the  ice-slope  which  appeared  to  have  originated 

Fig.  7. — Dicigrani  to  explain  iee~hollow  on  Bruce  Idand. 
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[The  dotted  portion  represenU  a  section  on  the  ioe-slope  on  each  side,  as  we 

found  it] 

in  the  breaking  away  of  an  enormous  mass  of  ice  from  the  lower 
side  of  a  crevasse,  which  runs  from  80  to  100  yards  back  from  the 
coast-line  or  general  ice-face.  Contrary  to  our  expectation,  we 
found  no  rock  or  beach-material  below  the  ice-crust  forming  the 
floor  of  this  hoUow,  but  probably  the  true  rock-face  is  not  far  behind 
the  vertical  ice-wall  at  the  back  of  the  hollow.  Fig.  7  may  help  the 
reader  to  understand  my  necessarily  imperfect  description. 

Windward  Island 

is  a  rocky  mass  rising  to  a  height  of  320  feet,  and  more  or  less 
surrounded  by  raised  beaches  from  80  to  100  feet  above  sea-leveL 
The  southern  face  of  the  rocks  is  much  broken,  but  the  northern 
and  eastern  faces  show  continuous  cliffis  of  roughly  columnar  basalt 
(see  flg.  6).  The  northern  portion  of  the  high  ground  is  a  plateau ; 
but  the  southern  portion,  as  will  be  seen  from  the  figure,  is  broken 
up  into  more  or  less  peaked  irregular  masses,  separated  from  each 
other  by  snow-filled  depressions. 
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Mabel  Island 

is  between  3  and  4  mileii  south- 
west  of  Bruce  Island.  Its  aspect, 
as  seen  from  Cape  Flora,  is 
represented  in  fig.  8.  The  ioe- 
covering  does  not  rise  much  above 
the  level  of  the  basaltic  plateau. 
The  surfiace  is  uneven,  and,  wher&- 
ever  the  rocks  do  not  obstruct  its 
downward  flow,  the  ice  descends 
to  sea-level,  ending  in  cliffs  often 
60  feet  or  more  in  height. 

The  rocks  are  of  the  usnal 
basalt,  arranged  in  five  or  six 
tiers  and  rising  to  a  height  of 
about  750  feet.  Sometimes  they 
form  cirques  or  corries,  and  at 
others  jut  out  from  the  ice-slope 
in  the  customary  way.  A  talus 
is  found  below  the  rocks,  and 
raised  beaches  occur  at  heights 
of  from  22  to  80  feet.  In  one 
place  on  the  south-eastern  side 
a  well-marked  beach  was  seen 
at  a  height  of  300  feet,  and 
traces  of  another  at  410  feet 
above  sea-level.  I  did  not  see 
the  sedimentary  rocks  from  which 
the  belemnites  and  other  fossHs 
brought  home  by  Messrs.  Leigh 
Smith  and  Grant  were  derived; 
but  this  is  not  remarkable,  because 
the  surface  was  much  covered  with 
snow  when  I  visited  the  island  in 
April  and  May. 

Bell  Island 

is  separated  from  Mabel  Island 
by  a  narrow  channel  named  £ira 
Harbour.*  It  is  mostly  composed 
of  terraces  of  raised  beach, 
covered  with  rounded  stones  and 
pebbles  of  basalt  and  quartxite. 

^  Across  Eirs  Harbour,  between  the 
southern  extremity  of  Mabel  Island  and 
the  opposite  point  on  Bell  Island,  runs 
a  8hG«a  wbicn  almost  reaches  sea-lereL 
It  appears  to  be  made  up  of  the  same 
rounded  stones  as  those  which  form  the 
raised  beaches  on  Mabel  and  Bell  Talyuiii. 
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At  the  Bouthem  end  is  a  conspiouoos  rook  made  np  of  seven 
tiers  of  basalt  and  rising  to  a  height  of  938  feet.  Around  this 
^bell-shaped'  mass  may  be  seen  a  fine  series  of  raised-beach  terraces, 
np  to  300  and  400  feet  above  sea-level.  The  talus  hides  the  stratified 
rocks  which  undoubtedly  exist  beneath  the  basalt. 

Bruce,  Mabel,  and  Bell  Islands  are  separated  from  Alexandra 
Land  by  Nightingale  Sound.  We  have  now  to  cross  this 
sound  and  examine  the  rocks  exposed  at  several  points  along 
the  eastern,  southern,  and  south-western  shores  of  Alexandra 
Land. 

Cape  Forbes 

is  a  bold  mass  of  rock  (630  feet  high)  separated  into  two  portions 
by  a  small  ice-slope.  It  is  made  up  of  several  tiers  of  a  basalt 
which  has  a  rounded  waterwom  appearance,  reminding  one  of 
ranges  of  cylindrical  chimney-pots  of  remarkable  regularity.  The 
surface  of  the  plateau  is  covered  with  soil,  as  well  as  with  angular 
fragments  of  rock  and  rounded  pebbles  of  basalt.  The  usual  talus 
and  raised  beaches  occur  here  at  the  25,  50,  and  80-foot  levels. 
Basalt  and  some  fragments  of  chert  were  the  only  rocks  found 
here. 

Cape  Stephen 

is  a  fine  headland  about  8  miles  south-south-west  of  Cape 
Forbes,  from  which  it  is  separated  by  Baxter  Bay.  There 
is  about  1  mile  of  exposed  rock  on  its  eastern  side,  made  up 
of  six  tiers  of  basalt  showing  but  little  columnar  structure.  The 
summit  is  792  feet  high,  aud  the  talus  reaches  about  halfway  up. 
The  50-foot  beach  is  well  marked,  and  I  found  a  portion  of  a 
reindeer's  antler  sticking  out  of  it.^  I  also  traced  a  bed  of 
sandstone  containing  plant-remains  for  at  least  }  mile.  The  dip 
of  the  bed  was  2®  or  3°  N.N.E.  or  N. — the  same  as  that  of  the 
tiers  of  basalt  above.  A  loose  slab  of  a  hard  shaly  rock  con- 
taining plant-remains  was  found  upon  the  talus. 

Proceeding  westward  we  now  come  to  Josephine  Peary 
Bay.  The  head  of  this  bay  is  termiDated  by  an  ice-face,  but 
several  basaltic  nunataks  protrude  through  the  ice  behind. 

Cooke's  Rocks  (''  'Tween  Rocks '') 

are  directly  west  of  Cape  Stephen  and  about  5  miles  distant, 
on  the  opposite  side  of  the  entrance  to  Josephine  Peary  Bay. 
They  show  the  usual  terraces  of  basalt,  some  of  which  exhibit 
columnar  structure  in  a  very  perfect  manner.  A  talus  is  present, 
and  below  it  only  one  well-marked  beach  (50  feet  above  sea-level), 
on  which  was  a  large  trunk  of  driftwood,  about  20  feet  long  and 

^  [Two  more  Bpedment  of  mndeer-antlers  were  found  by  Mr.  Bmoe  and 
myielf,  one  at  Windy  Gully,  the  other  on  the  50-foot  beach.  Cape  Flora ;  and 
Mr.  Leigh  ftnith  mentions  the  finding  of  a  foartb.] 
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2 j  feet  in  circumference,  in  very  good  condition :  the  wood  burnt 
fiercely  when  it  was  chopped  up,  and  a  fire  made  of  it.  Stratified 
rocks  were  observed  on  this  beach  at  two  localities.  At  the  first 
a  hard  calcareous  sandstone  permeated  with  veins  of  caldte,  and 
containing  plants  similar  to  those  found  at  Cape  Stephen,  was  seen  ; 
at  the  second  a  fine,  laminated,  bituminous  paper-shale,  which 
burnt  with  a  good  fiame,  leaving  a  white  ash. 

A  third  and  more  extensive  exposure  of  stratified  rock  was 
observed  about  300  feet  up  the  talus.  About  100  feet  of  rock  was 
bare  at  the  time  of  our  visit,  consisting  of  varicoloured  sands  and 
soft  shales,  with  a  good  seam  of  coal,  at  least  2  feet  thick,  at  its 
base.    The  dip  of  the  strata  was  about  2^  N.N.E. 

Cape  Grant, 

the  southernmost  point  of  Alexandra  Land,  is  a  fine  extensive 
headland  (790  feet),  consistiug  of  six  or  seven  basaltic  terraces 
with  the  ordinary  talus  below.  Crossing  the  talus  at  a  height  of 
about  120  feet  is  a  well-marked  ridge,  due  to  a  change  in  the 
angle  of  slope.  The  surface  of  this  ridge  is  strewn  with  the  usual 
angular  blocks ;  but  beneath  these  I  found  numerous  well-rounded 
waterwom  boulders  and  stones,  thus  proving  that  the  feature  in 
question  is  a  partially  concealed  raised  beach. 

Cape  Crowther 

is  the  next  headland  to  the  nortli-west,  and  is  very  similar  to 
many  that  have  been  previously  described,  but  is  more  extensive, 
and  bisected  by  a  small  glacier  j  mile  wide.  Basalt  was  the  only 
rock  seen  :  at  one  spot  it  descends  to  the  sea-leveL 

Cape  Neale 

marks  the  south-eastern  termination  of  Cambridge  Bay.  It  is 
formed  of  more  or  less  columnar  basalt,  with  talus  and  raised 
beaches.  The  plateau  at  the  top  of  the  clifis  (700  feet)  is  extensive, 
and  on  it  were  found  the  entire  skeleton  of  a  seal  and  numerous 
bones  of  foxes.  The  surface  consists  of  soil  and  mud,  with  fragments 
of  basalt,  quartz,  yellow  and  black  flint,  fossil  wood,  and  a  light- 
coloured  rock  resembling  siliceous  sinter.  The  ice-cap  firom  the 
interior  descends  upon  this  plateau  at  a  gentle  angle  of  4°  or  5^. 
An  exposure  of  coarse  yellowish  sandstone  occurs  in  a  gorge  cut 
through  the  talus  at  a  height  somewhere  between  200  and  300  feet. 

Capes  Ludlow,  Lofley,  and  Mary  Harmsworth 

are  all  ice-promontories,  the  only  exposed  rocks  lying  back  from 
the  ice-face,  as  on  Bruce  Island.  But  west  of  the  last-mentioned 
Cape  there  is  a  considerable  area  of  bare  ground  made  up  of  a 
succession  of  beach-terraces.  I  counted  as  many  as  twelve,  and 
upon  most  of  them  driftwood,  birch-bark,  bones  of  whales,  seals, 
and  bears,  and  big  blocks  of  red  and  grey  granite  and  gneiss  were 
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to  be  seen.     This  is  the  only  spot  where  granitic  rocks  of  any  kind 
(except  a  small  fragment  at  Cape  Qertrade)  were  observed. 

Driftwood  was  more  abundant  at  this  point  than  anywhere  else 
in  Franz  Josef  Land.  This,  and  the  occurrence  of  the  granite- 
boulders,  may  be  due  to  the  fact  that  Cape  Mary  Harmsworth 
touches  the  edge  of  the  great  drift  across  the  polar  ocean. 

The  foregoing  are  briefly  the  general  features  of  some  of  the  land 
that  I  saw.  What  I  have  described  relates,  of  necessity,  almost 
entirely  to  the  coasts,  and  the  land  seen  firom  the  coasts,  of  tiie  islands 
forming  the  south-western  part  of  the  archipelago.  In  this  area 
there  seems  to  be  a  general  tendency  for  the  land  to  slope  downward 
towards  the  north-west  and  nordh.  Thus  Northbrook  Island  is 
much  lower  on  the  north  than  on  the  south ;  Fridtjof  Nansen  and 
Beginald  Eoettlitz  Islands  end  in  low  land  to  the  north ;  so  also 
does  Alexandra  Land. 

II.  Thb  Basaxtic  Rooks. 

Mr.  J.  J.  H.  Teall  ^  has  already  described  examples  of  these  rocks 
from  specimens  which  were  sent  home  from  Franz  Josef  Land  in 
1896,  and  some  additional  notes  by  him  will  be  found  on  p.  646  of 
the  present  volume.  There  are,  however,  some  interesting  points  to 
which  I  desire  to  call  attention,  regarding  the  elevation  and  other 
conditions  under  which  these  basalts  occur. 

The  heights  of  several  of  the  capes  and  clifb  have  been  already 
stated,  and  these  altitudes  were  for  the  most  part  calculated  by 
Mr.  A.  B.  Armitage  from  angular  measurements.  They  refer  to  the 
clif&  or  exposures  of  rock  which  are  plainly  visible  and  are  almost 
always  uncovered;  yet  it  is  certain  that  in  many  instances  the 
rocks  attain  a  much  greater  elevation  farther  inland,  for  the 
ice-domes  which  cover  the  inlying  regions,  and  in  winter  have  the 
appearance  of  solid  ice-caps,  in  summer  are  found  in  many  places  to 
be  pierced  by  small  bosses  of  rock.  From  a  number  of  observations 
I  am  satisfied  that  the  ice-cap  is  comparatively  thin,  perhaps  not 
more  than  20  feet  thick ;  and  that  for  some  dLStance  behind  what 
seems  to  be  the  summit  of  the  cliff  the  basalt  still  ascends  by 
a  series  of  shallow  terraces. 

Cape  Gertrude  shows  such  points  at  its  summit,  and  there 
are  two  terraces  of  rock  between  this  and  the  difls.  Similar  con- 
ditions may  be  seen  at  Cape  Forbes,  on  Bell  Island,  and  on 
Bruce  Island. 

The  basalt  occurs  in  layers  or  tiers,  varying  in  thickness  from  10 
to  70  feet,  which  often  show  very  conspicuously  in  the  diffii.  These 
tiers  are  separated  by  laminated  beds,  sometimes  only  a  few  inches 
in  thickness,  but  more  often  from  2  to  4  feet  thick,  and  occasionally 
much  thicker. 

At  Cape  Flora,  where  I  had  more  opportunity  for  examining 
the  rock  in  detail,  I  found  these  intermediate  layers  to  consist 

^  Quart.  Journ.  GeoL  Soo.  vol  liii  (1807)  p.  482. 
aJ.G.8.  No.  216.  2t 
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in  part  of  stratified  rocksy  sometimes  composed  of  sand,  shale,  or 
micaceous  sandstone  containing  lignite ;  a  brown  laminated  siliceous 
rock  having  the  appearance  of  a  tuff  proved  not  to  be  so  when 
examined  microscopically  and  chemically  by  Mr.  TealL 

The  lower  part  of  some  at  least  of  Uiese  intermediate  layers  is 
formed  by  a  tuff-like  rock,  which  decomposes  readily  and  has  been 
described  by  Mr.  Teall  as  decomposed  basalt,  basaltic  scoria,  and 
basalt-tuff.  At  one  spot  between  the  first  and  second  tiers  this  inter- 
mediate layer  was  an  agglomerate  containing  some  large  angular 
blocks. 

The  basalt  immediately  overlying  the  laminated  beds  is  always 
Tesicular.  The  vesicles  are  not  uncommonly  filled  with  calcite,  or 
palagonite,  and  are  often  elongated  to  as  mudi  as  1  or  even  3  inches, 
their  long  axes  being  at  right  angles  to  the  stratified  beds  below, 
which  beds  show  no  appreciable  alteration  by  heat. 

At  a  spot  near  Cape  Flora,  at  the  junction  between  the  basalt  and 
the  underlying  Jurassic  beds,  I  obtained  a  fragment  of  an  ammonite 
which  Mr.  £.  T.  Newton  has  identified  as  Ammonites  Lamberii ; 
while  Mr.  Teall  describee  the  rock  surrounding  this  specimen  as 
decomposed  basalt  or  basaltic  tuff.  One  specimen  of  this  tuff  is 
traversed  by  parallel  veins  of  calcite. 

Erequentiy  I  have  found  branches  and  stems  of  trees  embedded 
in  the  basalt,  and  this  most  commonly  in  the  second  tier.  In  one 
instance  a  branch  3  inches  in  diameter  was  in  the  condition  of 
charcoal,  and  the  surrounding  material  appeared  to  be  decomposed 
basalt  and  contained  analcime. 

The  facts  which  lead  me  to  think  that  the  basalt  (for  the  most 
part,  at  least)  was  not  intruded  as  sills  between  older  rocks,  but  was 
laid  down  on  the  surface  as  sheets  of  lava,  may  be  thus  briefly 
stated: — 

(1)  The  frequency  with  which  beds  of  tuff-like  material  are 

interposed  between  the  tiers  of  basalt,  and  underlie  beds  of 
stratified  rock. 

(2)  The  presence  of  petrified  and  carbonized  wood  in  the  basalt 

(3)  The  beds  of  tuff-like  rock  containing  plant-remains  apparently  \^^ 

interstratified  with  the  basalt,  which  are  thin  and,  to  all  ^^ 

appearance,  undisturbed. 

(4)  The  more  vesicular  character  of  the  basalt,  so  generally 

found,  at  its  upper  and  lower  margins. 

(5)  The  seemingly  undisturbed  character  of  some  of  the  thinner 

among  the  stratified  layers  between  the  tiers.     One  such 
layer,  about  18  inches  tiiick,  I  traced  for  some  600  yards. 

(6)  The  little  or  no  alteration  by  heat  to  be  detected  in  the 

stratified  rocks  immediately  in  contact  with  the  basalt 

The  evidence  for  the  age  of  these  basalts  necessarily  depends  upon 
the  stratigrai^eal  position  of  the  fossiliferous  rocks  with  which 
they  are  associated  and  their  relation  to  these  rocks:  the  latter 
question  has  ^Irei^dy  been  considered.    The  fact  that  the  basalt  is 
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immediately  in  oontaot  with  the  underlying  Jurassic  strata  is 
no  evidence  of  its  age ;  and  the  presence  of  a  pieoe  of  Ammonites 
Lambet'ti  in  the  lower  part  of  the  basalt  may  be  easily  accounted  for 
on  the  supposition  that  it  was  picked  up  by  the  basalt  as  it  flowed 
oyer  Oxfordian  beds,  or  it  might  have  been  thrown  out  with  the 
lava. 

Much  stronger  evidence,  however,  is  that  of  the  plant-bed,  which 
has  been  found  at  two  or  three  localities  between  the  second  and 
third  tiers  of  basalt,  and  in  one  case,  although  little  more  than 
18  inches  thick,  could  be  traced  continuously  for  600  yards,  and 
had  a  thick  bed  of  coarse  tuff  underlying  it.  The  rock  of  this  bed 
has  all  the  appearance  of  a  line  tuff,  but  seems  not  to  be  of  this 
nature  (see  p.  634).  The  plant-remains  firom  one  of  these  beds 
were  examined  by  Dr.  Nathorst,  who  believes  them  to  be  of 
Upper  Jurassic  age.^ 

The  foregoing  facts  lead  me  to  believe  that  the  lower,  at  least, 
of  the  basalts  of  this  part  of  Franz  Josef  Land  are  of  Upper  Jurassic 
age ;  and  although  I  am  aware  that  the  opinions  of  those  who  have 
studied  the  basaltic  formations  elsewhere  lean  strongly  in  favour 
of  all  these  lava-sheets  being  of  Tertiary  age,  yet,  judging  from 
what  I  saw  during  my  sojourn  in  Eranz  Josef  Lemd,  I  believe 
some  of  the  basalts  of  the  southern  parts  of  that  country  to  be  of 
the  same  age  as  the  plant-beds  associated  with  them ;  and  if  these 
be  of  Upper  Jurassic  age,  then  most  of  the  basalts  are  so  likewise. 

The  basaltic  rocks,  for  the  most  part,  are  found  at  the  higher 
levels  and  form  the  plateaux  of  most  of  the  higher  capes.  But  at 
certain  places  these  rocks  descend  to  the  sea-level ;  tlus  is  the  case 
at  three  localities  on  Northbrook  Island,  namely,  Barents  Hook, 
the  head  of  Giinther  Bay,  and  at  Camp  Point.  In  aU  three  places 
the  rock  is  of  a  compact  character. 

At  three  localities  on  Hooker  Island  the  basalt  is  found  at  the 
sea-level ;  and  north  of  Dundee  Point  a  basaltic  mass  some  300  or 
400  yards  in  diameter  rises  firom  the  sea  to  a  height  of  300  or  400 
feet.  There  is  no  talus  around  this  rock,  and  the  summit  seems  to 
form  a  basin  ;  I  was  unable  to  approach  very  closely,  but  this  mass 
has  all  the  appearance  of  the  core  of  a  denuded  volcanic  vent. 

In  the  upper  part  of  the  Jurassic  rocks  at  the  back  ofElmwood 
there  is  what  I  at  first  thought  was  an  intrusive  silL  This  consists 
of  a  layer  of  vesicular  basalt,  6  feet  thick,  which  rests  upon  clay- 
stone  and  has  3  feet  of  similar  daystone  above  it ;  following  this 
is  40  to  50  feet  of  coarse  tuff,  succeeded  above  by  the  main  mass  of 
the  basaltic  diff.  The  vesicular  character  of  thb  *  sill '  leads  me  to 
suspect  that  it  may  be  an  old  contemporaneous  lava-flow. 

At  Cape  Crowther  massive  columnar  rock  rises,  at  one  place, 
from  the  sea-level  to  a  height  of  perhaps  100  feet.  The  top  of  this 
is  a  more  or  less  level  sur&ce,  apparently  a  raised  beach,  extending 

^  See  p.  648»  and  alflo  this  Journal,  toI.  liii  (1897)  p.  495. 
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some  hundred  yards  inland,  where  the  talos  from  the  higher  rocks 
descends  upon  it. 

I  cannot  help  thinking  that,  notwithstanding  the  general  regu- 
larity of  the  strata,  which  everywhere  dip  slightly  northward,  there 
had  heen  much  faulting  and  lo^  change  of  level. 

Siliceous  rocks  of  various  kinds  occur  ahundantly  in  association 
with  the  hasalt.  Quartz,  agate,  and  chalcedony  are  frequently 
found  filling  up  cavities  and  fissures  in  the  rock.  Gherty  and  flinty 
masses  are  of  constant  occurrence,  hut  have  not  so  far  heen  found  in 
situ ;  they  occur  in  larger  or  smaller  masses,  sometimes  handed, 
hrown  and  opa(]ue,  or  it  may  he  in  lustrous  hiack  or  translucent 
yellow  and  brown  fragments.  These  are  abundant  everywhere,  but 
especially  so  upon  the  bare  plateaux  on  the  summits  of  the  high 
capes,  and  not  infrequently  they  are  found  crowded  together  in  one 
spot,  where  they  appear  to  have  been  washed  out  of  the  underlying 
rock. 

Silicified  wood  is  very  plentiful,  and  has  been  found  embedded  in 
the  lower  part  of  the  basalt. 

Messrs.  Newton  &  Teall  have  shown  that  the  flinty  masses  almoet 
invariably  contain  plant-remains  ;  and  they  have  also  mentioned  the 
probability  of  geyser-action  (following  upon  the  volcanic  outbursts) 
being  responsible  for  the  large  amount  of  siliceous  rock  and  for  the 
silicification  of  the  vegetable  matter  (see  p.  647). 

in.  The  Jfbassio  Rooks. 

Messrs.  Newton  &  Teall  in  their  earlier  paper,  written  while  I 
was  still  in  Franz  Josef  Land,  used  their  habitual  caution  when 
speaking  of  the  origin  of  certain  specimens,  and  spoke  of  them  as 
*•  said  to  be  tn  n^u,'  '  believed  to  be  tn  situ ' ;  the  doubt  this  im- 
plied need  no  longer  exist;  the  specimens  were  all  collected  by 
me,  and  I  had  satisfied  myself  that,  in  all  these  cases,  they  were  in 
place.  A  discrepancy  between  the  section  at  Cape  Gertrude 
(fig.  4  of  their  earlier  paper)  and  the  text  on  p.  503  of  that  paper 
is  corrected  by  them  in  their  second  paper  (p.  646  of  this  volume) ; 
but  I  may  say  that  the  great  series  of  strata  seen  at  that  locality 
is  lower  down  than  is  there  stated,  and  beeidee  this  there  is  an 
exposure  of  sandy  strata  containing  thin  beds  of  lignite  at  the  same 
place  between  20  and  80  feet  above  sea-level. 

The  height  of  the  rocks  seen  between  Cape  Grant  and  Cape 
Stephen,  and  now  named  Cooke's  Rocks,  should  be  stated  as 
740  to  800  feet,  instead  of  700  feet,  and  the  seam  of  coal  there 
found  is  800  feet  above  sea-leTeL 

The  cUfb  at  Cape  Gertrude  reach  a  height  of  over  1100  feet 
It  is  very  probable  that  the  base  of  the  ba»Edt  at  Cape  Gertrude 
is  hidden  by  the  talus ;  and  it  is  likely  that  the  wood  which  was 
found  in  situ  in  the  basalt  was  not  really,  as  supposed,  at  the  base, 
but  may  have  been  at  the  second  or  third  tier. 
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Stratified  rocks  have  been  fonnd  in  place  at  Capes  Neale,  Grant,  and 
Stephen,  also  at  Cooke's  Eocks,  Cape  Flora,  Cape  Gertrude,  and  at 
Windy  Gnlly.  Eyidence  of  their  presence  has  been  obtained  at  Cape 
Mary  Harmsworth,  Bell  Island,  Mabel  Island,  and  Bruce  Island, 
but  not  in  place. 

At  Cape  Neale  a  soft,  yellow,  coarse  sandstone  occurs  in  a 
watercourse  on  the  talus  ;  30  to  40  feet  of  this  rock  was  seen,  its 
dip  being  1^^  to  2°  in  a  north-east  to  northerly  direction.  A  similar 
exposure  of  sandstone  was  seen  by  Mr.  Harry  Fisher  near  the  sea^ 
level  at  Cape  Grant. 

A  coarse,  hard,  calcareous  sandstone  with  abundant  plant-remains 
was  met  with  near  the  sea-level  atCooke'sRocks.  These  are  the 
beds  which  Mr.  Newton  thought  might  prove  to  be  of  Permian  age, 
as  the  plants  bear  a  striking  resemblance  to  forms  which  have  been 
regarded  as  belonging  to  that  period.  North-east  of  this  locality,  at 
a  distance  of  300  yards,  and  at  about  the  same  level  above  the  sea,  a 
highly  bituminous  paper-shale  was  found,  containing  small  fragments 
of  plants  and  fish-scales.  South-west  of  the  sandstone-exposure,  at 
a  height  of  about  300  feet,  there  is  a  series  of  sandy  beds  and  shales 
of  many  varying  shades  of  colour,  at  the  base  of  which  is  a  coal-seam 
at  least  2  feet  thick,  but  neither  its  exact  thickness  nor  its  extent 
could  be  traced.     All  these  beds  dip  IJ**  to  3**  N.N.E. 

The  sandstone  plant-bed  was  again  seen  at  Cap  e  Stephen,  where 
it  was  some  30  feet  above  the  sea  and  could  be  traced  for  more  than 
I  mile  along  the  bank  of  a  raised  beach.  That  fossiliferous  beds  occur 
high  up  in  the  rocks  at  this  locality  is  proved  by  the  finding  of  the 
slab  of  silicified  plant-remains  300  feet  up  the  talus.^ 

The  sedimentary  strata  ofCapeFloraare  about  600  feet  thick, 
and  extend  from  the  sea-level  to  the  base  of  the  basalt;  they  consist 
for  the  most  part  of  soft  shales,  sands,  and  sandstones.  Layers  of 
hard,  grey,  ferruginous  mudstone-nodules  occur  in  the  shales,  and 
sometimes  form  ^nds  as  much  as  2  feet  thick.  The  sands  frequently 
contain  pebbles  of  quartz,  quartzite,  and  other  rocks,  and  are 
occasionally  interstratified  with  thin  beds  of  lignite.  The  shales 
and  sands  vary  in  colour  through  shades  of  yellow,  buff,  brown, 
blue,  and  black,  and  the  sands  sometimes  show  false  bedding. 
The  lowest  strata  seen  contained  the  large  Avictda  and  BeUmniUs^ 
and  were  traced  for  some  distance  both  eastward  and  westward  from 
Elmwood.  They  extended  from  the  sea-level  to  a  height  of  perhaps 
50  feet  In  some  parts  these  beds  are  composed  of  sand  and  pebbles, 
but  the  fossils  occur  in  shaly  day-beds. 

Directly  behind  the  settlement  of  Elmwood  and  within  about 
50  feet  of  the  basalt,  day-beds  with  mndstone-bands  are  exposed, 
and  at  this  spot  I  found  in  place  the  small  ammonite  which 
Mr.  Newton  thinks  b  in  all  probability  Ammoniies  Tchefktni,  Many 
of  the  mudstone-blocks  had  fallen  into  a  watercourse  which  outs 
through  the  strata,  and  fh>m  these  other  examples  of  the  same 

^  See  Quart.  Journ.  Qeol  Soc.  toI.  liu  (1897)  p.  o06. 
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ammonite  were  obtained,  together  with  Ammonites  maerocejphahu 
and  A,  modiolaris.  It  was  about  ^  mile  west  of  this  point,  and 
50  feet  higher  in  the  difif — that  is,  at  the  base  of  the  basalt — ^that 
the  piece  of  Ammonites  Lamherti  (see  p.  635)  was  found  embedded 
in  the  decomposed  basalt. 

The  plant-bed  which  yielded  the  specimens  submitted  to  Dr. 
Nathorst  was  discovered  on  the  northern  side  of  Cape  Flora,  over- 
lying a  mass  of  basalt  which  projected  through  the  ice  at  a  hei^t  of 
some  750  feet.  Similar  plant-remains  have  since  been  found  in  situ 
in  the  clifik  above  Windy  Gully,  and  the  bed  was  traced  for  some 
distance  between  the  second  and  third  tiers  of  basalt ;  this  seems  to 
show  that  the  plant-bed  extends  over  the  whole  of  Cape  Flora  at  this 
horizon. 

The  shoulder  of  rock  which  projects  from  the  cliff  at  Windy 
Gully  slopes  from  a  height  of  370  to  450  feet  above  the  sea.  It 
was  on  thb  shoulder  that  the  specimens  of  Ammonites  Ishma  were 
found,  and,  although  some  of  them  lay  strewn  upon  the  surface  of 
the  ground,  there  is  no  doubt  as  to  their  having  been  weathered  out 
from  the  stratum  upon  which  they  rested :  this  b  about  80  feet  in 
thickness. 

At  Cape  Gertrude,  which  is  scarcely  4  miles  to  the  eastward, 
the  strata  differ  markedly  from  those  at  Cape  Flora.  The  only 
organic  remains  found  were  fossil  wood  and  lignite,  except  that 
among  the  pebbles  from  one  of  the  beds  a  nodule  of  radiolarian 
chert  was  obtained,  and  this  is  of  interest  as  showing  the  possible 
origin  of  the  specimen  found  frozen  to  an  iceberg.^ 


lY.  Ths  Raised  Beaches. 

The  frequent  occurrence  of  raised  beaches  around  the  shores  of 
Franz  Josef  Land  was  alluded  to  by  Messrs  Newton  &  Teall; 
these  evidences  of  upheaval  of  the  country  in  comparatively 
modem  times  are  a  marked  feature  of  the  whole  of  the  southern 
part  of  the  Archipelago,  and  are  known  to  occur  in  the  more 
northerly  parts  also.  Most  of  the  raised  beaches  are  between 
the  sea-level  and  80  or  100  feet  above  it;  but  in  some  places 
they  may  be  traced  as  terraces  to  as  much  as  over  400  feet 
above  the  sea.  Indeed  many  rounded  pebbles  which  were  found  on 
the  summits  of  Cape  Forbes,  Cape  Flora,  and  Cape  Gertrude  seem  to 
me  an  indication  of  former  beaches  even  at  those  elevations ;  being, 
however,  more  ancient  than  those  nearer  the  sea-level  much  of  their 
character  has  necessarily  been  destroyed  by  denudation.  Drift-wood 
and  bones  of  whales  are  not  uncommon  at  the  lower  leveb,  and 
have  been  met  with  as  much  as  90  or  100  feet  above  the  sea.  The 
bones  of  seals  and  walrus  have  been  found  at  much  greater  eleva- 
tions (between  300  and  400  feet),  and  although  they  may  have  been 
carried  up  by  bears,  I  hardly  think  so,  for  I  know  of  no  evidence  that 

^  See  Quart.  Joum.  GeoL  Soo.  vol.  liii  (1897)  p.  511. 
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bears  carry  their  prej  to  a  distance,  especially  the  whole  of  a  seal 
(a  complete  skeleton  was  found  on  the  summit  of  Cape  Neale). 

Even  where  the  land  is  covered  with  ice  it  not  infrequently 
happens  that  ridges  and  sometimes  successive  terraces  may  be  seen 
protruding ;  on  these  have  been  found  many  rounded  waterwom 
stones,  some  indeed  being  rounded  boulders  of  enormous  size,  mixed 
with  angular  morainic  debris  (always  present  in  such  situations). 
Many  of  these  terraces  may  be  traced  horizontally  by  the  ridges  and 
dimples  which  they  cause  in  the  ice-slopes. 

Well-marked  raised  beaches  occur  around  the  base  of  Cape  Flora. 
Ten  or  more  may  be  counted  between  8  and  100  feet  above  sea- 
level,  and  the  epiphyses  of  a  large  whale's  vertebrsd  were  found  on 
the  highest  of  them.  Other  terraces  with  rounded  waterwom 
stones  and  pebbles,  as  well  as  walrus  and  seal-bones,  are  less  distinctly 
visible  between  240  and  340  feet  above  the  sea. 

Cape  Gertrude  has  similar  well-marked  beaches  at  various 
heights,  and  upon  one,  on  the  western  side  at  an  elevation  of  300  feet, 
large  and  small  rounded  waterwom  stones,  and  also  seals'  bones, 
were  found,  with  much  angular  debris.  On  the  eastern  side  of  the 
valley  separating  Cape  Gertrade  from  the  rest  of  the  high  land 
of  Northbrook  Island,  several  terraces  are  seen  between  180  and 
220  feet  above  the  sea,  one  of  which  is  continued  as  a  well- 
marked  ridge  in  the  glacier-slope.  Farther  east  a  similar  ridge 
of  beach  is  seen  on  the  ice-slope,  at  an  elevation  of  220  feet, 
extending  for  a  mile  towards  Barents  Hook.  This  ridge  is  strewn 
with  enormous  basaltic  boulders,  many  of  which  are  unmistakably 
waterwom,  being  smooth  and  rounded  as  if  recently  subjected  to 
marine  action,  but  showing  no  traces  of  glacial  strias.  Some  of 
these  rocky  masses  are  angular,  and  one,  of  great  size,  is  a  column  of 
basalt  18  feet  long  and  4  feet  in  diameter. 

Mabel  Island,  besides  several  terraces  at  lower  levels,  has  on 
the  eastern  side,  close  to  the  ice-slope,  and  at  an  elevation  of 
300  feet,  an  area,  several  acres  in  extent,  which  is  paved  with 
smoothly-rounded,  waterwom  stones.  This  is,  I  have  no  doubt,  a 
raised  beach  (see  lig.  8,  p.  630).  It  ascends  by  a  gentle  slope  some 
20  or  30  feet,  to  end  against  the  stony  bank  below  the  next 
terrace,  which  is  410  feet  above  sea-level.  Ridges  in  the  ice-slope 
to  the  north  suggest  that  these  beaches  are  continued  under  the 
ice. 

Upon  Bell  Island  there  are  very  extensive  raised  beaches, 
covering  several  square  miles ;  they  are  for  the  most  part  at 
elevations  between  20  and  30  feet  above  the  sea,  but  a  few  others 
rise  to  as  much  as  300  feet.  Some  of  these  south-west  of  the 
rock  were  visited,  and  were  found  to  be  perfectly  defined  beaches 
rising  one  above  another,  and  covered  with  well-rounded  stones  and 
pebbles.  At  many  other  places  that  were  visited  similar  evidence 
was  found,  and  among  them  may  be  mentioned  Capes  Grant,  Neale, 
Crowther,  Stephen,  Forbes,  and  Mary  Harmsworth,  as  well  as  Wind- 
ward Island.  Moreover  the  plateaux  of  Camp  Point,  Hooker  Island, 
and  Bruce  Island,  I  think,  have  once  been  sea-beaches.    Water- 
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worn  stones  are  found  on  the  summits  of  Capes  Neale,  Orant, 
Forbes,  Flora,  and  Gertrude. 

There  is  a  point  in  connexion  with  the  more  recent  elevation  of 
the  land  which  may  be  of  some  interest,  and  that  is  the  peculiar 
part  played  by  the  floe-ice  in  the  formation  of  raised  beaches. 

In  the  shallow  bay  on  the  south-western  side  of  Bell  Island 

1  was  much  struck  by  obserying  how  the  rivulets  of  water  in  the 
summer  washed  down  large  quantities  of  sand  and  gravel  upon  the 
floe,  which  at  this  locality  did  not  float  away,  as  it  does  at  most 
places  at  this  season  of  the  year,  being  evidently  aground.  So 
much  sand  and  gravel  had  been  spread  over  the  ice  that  at  flrst  I 
was  unaware  that  I  was  really  walking  upon  the  floe  and  not  on 
land.  This  heaping  up  of  sand  and  gravel  prevents  the  sun  from 
melting  the  ice  underneath,  a  process  which  may  go  on  from  year 
to  year.  If  at  this  time  the  land  slowly  rises  a  kind  of  radsed 
beach  tends  to  be  formed,  under  which  is  a  layer  of  ice. 

This  peculiar  condition  explained  what  I  had  observed  upon  a  raised 
beach,  55  feet  above  the  sea,  near  the  northern  shore  of  Windy 
Gully,  where  the  surface  had  fedlen  in,  forming  a  pit  12  to  15  feet 
deep  and  20  feet  in  diameter.  The  sides  of  ^is  pit  presented  a 
very  good  section,  and  showed  an  upper  layer  of  waterwom  stones 
4  feet  thick,  resting  upon  a  mass  of  ice  3  feet  thick.  Below  this 
was  2  feet  of  rounded  stones,  and  then  another  layer  of  ice  nearly 

2  feet  thick,  below  which  was  another  bed  of  stones. 

At  Cape  Mary  Harmsworth  I  noticed  a  similar  covering  of 
the  ice  with  gravel,  but  brought  about  in  a  very  different  way.  The 
shore  on  the  western  side  of  the  cape  is  evidently  subject  occasionally 
to  severe  ice-pressure,  during  which  the  floe-ice,  as  it  grounds  close 
to  the  shore,  pushes  up  before  it  large  quantities  of  beach-stones, 
many  of  which  are  angular  and  not  waterwom,  and  this  beach- 
material  is  often  pushed  on  to  the  land-ice,  sometimes  in  considerable 
heaps,  and  thus,  as  in  the  former  case,  tends  to  prevent  the  melting 
of  the  ice  and  to  make  it  more  or  less  permanent. 

Pits  similar  to  that  above  mentioned  are  not  infrequent  here, 
and  it  seems  highly  probable  that  they  are  caused  by  the  melting 
of  buried  ice,  which,  I  may  say,  has  been  met  with  in  many  places 
and  under  varying  circumstances. 

Upon  one  part  of  the  talus  on  the  south-eastern  side  of  Cape 
Flora  one  sees  (when  at  a  distance)  that  the  ground  is  cut  up  into 
a  number  of  large,  more  or  less  regular,  pentagonal,  hexagonal,  or 
square  surfaces,  20  to  30  feet  across,  and  these  extend  over  a  con- 
siderable area.  Upon  closer  examination  it  is  found  to  be  covered  by 
a  thick  carpet  of  moss,  and  the  polygonal  figures  are  caused  by  fissures 
about  1  foot  wide  and  2  feet  or  more  deep.  Here,  under  a  few 
inches  of  soil  and  vegetation,  there  is  a  mass  of  solid  ice,  into  which 
the  fissures  enter  for  a  couple  of  feet,  but  do  not  entirely  penetrate. 

On  some  parts  of  the  raised  beaches  at  Cape  Flora,  and  also  on 
the  summit  of  Cape  Xeale,  I  noticed  cracks  in  the  soil  or  mud 
assuming  the  polygonal  form,  but  on  a  much  smaller  scale,  the 
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polygons  being  only  from  2  to  3  feet  across.  Nordenskiold  observed 
a  similar  appearance  at  Cape  CheUuskin,^  but  he  does  not  mention 
the  size  of  the  figures.  Of  coarse,  sun-cracks  in  drying  mud  assume 
similar  forms,  but  generally  of  much  smaller  size,  and  I  am  not 
aware  that  figures  of  a  large  size  are  at  all  common.  Having  found 
ice  below  the  surface  in  one  place  where  the  large  figures  were 
formed,  and  knowing  how  constantly  the  ground  is  frozen  a  little 
below  the  surface  in  Franz  Josef  Land,  I  am  led  to  think  that  ice 
may  play  an  important  part  in  the  formation  of  large  polygonal 
cracks. 

V.  ICE-OAP   AKD   *6lA0IBBS.' 

Although  the  land  b  so  largely  hidden  by  ice,  which  often 
terminates  in  high  faces  at  the  sea-level,  I  do  not  think  that  there 
is  so  great  a  thickness  covering  the  land  as  might  be  supposed ; 
for,  not  only  are  ridges  and  dimples  to  be  seen  everywhere  upon  the 
ice-slopes,  but  the  rock  itself  frequently  protrudes  along  these 
ridges.  The  fan-shaped  glaciers  on  the  eastern  side  of  Windy 
Gully  (see  fig.  2,  p.  624)  and  east  of  Cape  Gertrude  both  show, 
as  they  descend,  variations  of  angle  which  produce  ridges  and 
dimples,  and  these  are  particularly  numerous  towards  the  lower 
parts.  When  the  ice  melts  in  summer  small  surfaces  of  the  rock 
are  uncovered  at  these  ridges,  exposing  a  series  of  terraces ;  and 
the  thinness  of  the  ice  covering  them,  even  in  winter,  can  be  fully 
appreciated.  This  downward  flow  of  the  ice  over  a  series  of  terraces 
is  illustrated  by  fig.  9  (p.  642).  The  ice  may  be  thicker  on  the 
higher  parts  than  it  is  at  the  lower  levels,  yet  I  do  not  think  that 
it  attains  any  great  thickness  anywhere.  I  have  already  mentioned 
that  two  points  of  rock  project  through  the  dome  of  ice  on  the 
summit  of  Cape  Gertrude,  and  that  on  the  northern  slope  there  is 
a  small  plateau  free  from  ice. 

Although  no  rock  has  been  seen  to  protrude  at  the  actual  summit 
of  Cape  Flora,  yet  on  the  northern  side,  at  about  100  feet  below 
the  top,  and  in  a  line  with  the  highest  part  of  the  cliff,  points  of 
rock  are  seen  all  round  a  cirque-like  hollow  (see  fig.  1,  p.  622). 
The  slope  below  these  rocks  becomes  steeper,  and  is  interrupted 
by  a  crevasse,  such  as  is  always  found  below  such  protruding  rocks. 
Smaller  cracks  intersect  the  slope  lower  down,  which  gradually 
assumes  a  lower  angle.  The  cracks  and  crevasses  cross  the  ice-slope 
in  a  direction  parallel  to  the  line  of  rocks,  thus  taking  the  semicircular 
form  of  the  cirque  in  which  they  lie;  but  the  curve  becomes  gradually 
less  as  they  approach  the  ridge  of  presxunably  raised  beach  at  340  feet 
above  the  sea.  From  this  ridge  the  slope  continues,  at  first  more 
steeply,  and  interrupted  by  a  crack  1  foot  wide,  and  then  is  gradually 
lessened  to  about  16°  at  the  150-foot  level,  where  a  long  dimple 
marks  the  change  of  angle  to  about  7°,  and  then  gradually  sinks 
to  the  ice-face  on  the  shore.    The  raised  beaches  indicated  in  fig.  1 

>  « Voyage  of  the  Vega,*  Leslie's  transl.  (1855)  p.  258. 
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(p.  622)  were  seen  in  water- 
courees  that  had  CQt  their 
way  through  the  ice  down 
to  the  rock  below. 

Other  glaciers  might  be 
described,  all  having  much 
the  same  character,  and 
many  similar  examples  could 
be  given,  tending  to  show 
the  comparative  thinness  of 
the  ioe  which  covers  the 
southern  parts  of  Franz 
Josef  Land.  The  ridges  and 
dimpling  shown  in  ^s.  4  & 
6,  pp.  626  &  628,  indicate 
the  positions  of  the  rocks 
near  the  surface  of  ihe  ice, 
but  these  features  were  muoh 
more  evident  when  viewing 
the  country  itself. 

There  is  every  reason  for 
thinking  that  on  the  larger 
land-areas  of  this  ardhi- 
pelago,8Uch as  Alexandra 
Land,  there  is  a  greater 
thickness  of  ioe  than  on  the 
smaller  islands.  It  may 
lie  thought  that  the  ice- 
face  which  occurs  at  many 
places  is  an  indication  of  a 
greater  thickuess  of  ice  be- 
hind pressing  it  downwards ; 
but  it  is  quite  certain  that, 
in  some  cases,  this  ice-face 
is  merely  part  of  a  winter 
snow-drfft  and  has  no  glacier 
behind  it.  The  depth  of 
the  sea  under  these  ice-faces 
is,  in  some  instances  at  least, 
not  very  great,  for  in  two 
ca^es — namely,  under  the 
ice-face  at  the  base  of  the 
northern  slope  of  Cape  Flora, 
and  under  the  eastern  fan- 
shaped  glacier — ^it  is  not 
more  than  3  fathoms. 

On  one  occasion  Mr.  Bruce 
and  I  had  an  opportunity  of 


Digitized  by 


Google 


Vol.  54.]  eBOLoer  0¥  fbaitz  josef  laio).  643 

taking  the  temperature  within  a  crevasse  on  Br  nee  Island,  and,  as 
onr  results  differ  from  similar  ohservations  by  other  writers,  it  may 
be  well  to  place  them  on  record.  Haying  made  a  hole  through  a 
snow-bridge,  we  lowered  a  thermometer  into  a  crevasse  to  a  depth 
of  3  feet,  and  then  to  15  feet,  leaving  it  for  5  minutes  at  ^ich 
depth ;  a  register  of  +19^  and  +20°^ahr.  was  obtained,  while  the 
temperature  in  the  air  was  +30°,  with  a  warm  sun  shining.  The 
time  was  2  p.m. 

During  the  whole  of  our  journeys  in  Franz  Josef  Land  we  never 
saw  any  icebergs  of  the  large  size  reported  by  both  Payer '  and 
Leigh  Smith  ^ ;  the  former  writer  says  that  they  averaged  from 
80  to  200  feet  in  height,  and  the  latter  speaks  of  them  as  from 
150  to  250  feet  high.  The  largest  that  we  saw  could  not  have 
been  more  than  from  50  to  perhaps  80  feet  above  water,  and  even 
these  were  tilted,  and  so  appeared  thicker  than  they  re^dly  were. 
Dr.  Nansen  saw  nothing  so  large,  although  he  passed  very  near  to 
where  Payer  saw  his  loftiest  bergs. 


YI.  Glacial  aitd  othsb  Dsnudation. 

The  evidences  of  glacial  action  as  shown  by  the  smoothing  and 
planing  of  rocks  are  very  few ;  roches  moutonnees  and  rounded 
hills  have  not  been  met  with.  Only  in  the  two  valleys  separating 
Cape  flora  from  Cape  Gertrude  are  there  some  loose  blocks  of  basalt, 
which  are  planed,  polished,  and  somewhat  scratched  on  their  upper 
sides,  showing  that  they  have  been  but  little  moved  since  their 
grinding  by  the  ice.  These  blocks  are  sufficiently  raised  above  the 
sea  to  be  out  of  reach  of  floe-ice  pressing  upon  the  shore :  they 
are  upon  low  and  recently-raised  beaches. 

No  evidence  has  been  obtained  of  the  existence  of  anything  that 
could  be  definitely  called  till. 

The  granite  'erratics'  mentioned  by  Payer  ^  as  having  been  seen 
attached  to  an  iceberg  may  have  been  brought  from  a  distance,  or, 
like  the  radiolarian  chert,  quartz,  and  chert-pebbles  which  I  found 
frozen  to  an  iceberg,  they  may  have  been  derived  from  Jurassic  beds 
in  the  immediate  neighbourhood.  Similar  fragments  of  granite  were 
found  by  me  on  the  beach-terraces  of  Cape  Mary  Harmsworth, 
and  one  small  piece  at  Cape  Gertrude.  Dr.  Nansen  tells  me  that 
he  thinks  he  saw  granite  in  place  on  an  island  farther  north. 
I  have  never  seen  granite-pebbles  in  the  Jurassic  strata,  but 
quartzite-fragments  are  not  uncommon,  and  having  found  both 
together  on  the  beaches  I  infer  that  they  may  have  had  a  similar 
origin. 

^  *  New  Lands  within  the  Arctic  Oirde/  voL  i,  p.  16  &  toL  ii,  p.  141. 
>  Proc.  Eoy.  Googr.  Soc.  voL  iii  (1881)  pp.  131, 135. 
*  *  New  Lands  within  the  Arctic  Oirole/  toL  ii,  p.  157. 
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The  general  condition  of  the  land-sarfSEtce  heneath  the  ice  has 
to  some  extent  heen  noticed  when  remarking  upon  the  raised 
heaches,  ice-cap,  and  *  glaciers/  Its  terraced  appearance  ia  veiy 
ohvioos,  espeoally  on  the  lower  parts;  and,  judging  from  tli^ 
depressions  and  irregularities  of  the  ice-slopes,  I  am  of  opinion  that 
the  upper  hasaltic  rocks  are  very  much  hroken  up  and  denuded. 
This  condition  is  well  seen  on  the  upper  part  of  Windward  Island 
(fig.  6,  p.  628),  where  the  e£fects  of  denudation  are  strikingly 
shown  on  a  small  scale ;  isolated  rocky  masses,  more  or  less  terraced 
by  the  unequal  degradation  of  the  harder  and  softer  layers,  stand 
up  in  bold  relief  and  are  separated  by  deep  gorges  or  valleys.  1  am 
convinced,  from  the  contours  of  the  larger  and  higher  islands,  that 
their  upper  parts  are  in  a  very  similar  condition  of  denudation,  but 
they  are  masked  by  the  ice  and  snow. 

That  marine  action  combined  with  the  ice  has  had  a  large  share  in 
the  work  of  denudation  I  cannot  but  believe,  and  to  it  I  should 
attribute  much  of  the  terracing :  pauses  in  upheaval  and  varying 
hardness  of  the  rock  combining  to  produce  the  present  condition. 
The  greater  exposure  of  the  southern  and  noith-eastem  shores 
has  caused  their  more  rapid  denudation,  and  thus  originated  tiie 
more  precipitous  difis  and  fine  headlands. 

Wherever  the  sedimentary  rocks  have,  been  observed  they  were 
found  to  be  nearly  horizontsd,  with  a  slight  dip  of  only  2°  or  S^  NJB., 
but  the  base  of  the  basaltic  rocks,  although  usually  at  a  considerable 
elevation,  is  in  some  cases  low  down  or  even  at  the  sea-leveL  This 
at  once  suggests  the  possibility  of  faults  having  let  down  certain 
areas ;  and  it  may  be  that  this  will  prove  to  be  the  case ;  but  at  present 
we  have  really  no  evidence  whatever  of  the  existence  of  such  faults,  and 
further  the  breaking  up  of  what  must  have  been  a  widely  extending 
plateau  into  a  number  of  islands  may  have  been  due  to  a  similar 
cause;  the  lines  of  weakness  and  depressed  areas,  being  more  readily 
attacked  by  subaerial  and  marine  agencies,  have  become  widened  into 
the  channels  as  they  now  exist. 

We  have  very  little  evidence  as  to  the  depth  of  the  sea  around 
these  islands,  but  the  following  soundings  may  be  mentioned : — 
between  Windward  and  Bruce  Islands,  57  fathoms;  between  the 
latter  island  and  Camp  Point  there  was  no  bottopi  at  100  fathoms ; 
I  mile  north  of  Cape  Flora,  18  fathoms;  close  under  the  glacier 
at  this  place,  3  fathoms;  between  Bell  Island  and  Cape  Flora, 
25  fathoms ;  |  mile  south  of  Elmwood,  as  much  as  15  fathoms, 
but  more  to  the  westward  50  fathoms  ;  within  ^  mile  of  Cape 
Ludlow,  158  fathoms ;  1|  mile  south-east  of  Cape  Mary  Harmsworth, 
93  fathoms ;  and  30  miles  west  of  the  same  point,  230  fathoms. 

I  trust  that  the  few  notes  that  are  here  brought  together  on  the 
geology  of  Franz  Josef  Land  will  not  be  without  value  nor  altogether 
devoid  of  interest,  and  that  the  shortcomings,  of  which  I  am  only 
too  conscious,  will  be  pardoned  when  it  is  remembered  that  it  was 
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possible  to  do  geological  work  during  only  two  or  three  months  of 
the  year,  and  even  that  time  was  chiefly  taken  np  with  other 
duties. 

[Since  writing  the  foregoing  paper  I  have  visited  the  island  of 
Bkye,  and  after  seeing  the  conditions  of  the  basaltic  formation  there, 
I  am  convinced  that  dykes  and  sills,  especially  the  former,  are  com- 
paratively rare  in  Franz  Josef  Land,  where  indeed  I  never  saw  a 
dyke  at  all.  Some  of  the  basaltic  sheets  in  Franz  Josef  Land,  how- 
ever, may  possibly  be  sills,  but  of  thb  no  actual  evidence,  other  than 
microscopic,  is  forthcoming.  Moreover,  nothing  that  I  saw  in  Skye 
has  led  me  to  change  my  opinion  as  to  the  contemporaneity  of  the 
plant-beds  with  at  least  the  first  two  or  three  basalt-flows. — 
Aug.  26th,  1898.] 
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42.  Abditiokal  Notbs  o»  Rooks  and  Fobsilb  from  Frakz  Josbf 
Lakd.  By  E.  T.  Nhwtok,  Esq.,  F.R.S.,  F.G.8.,  and  J.  J.  H. 
Trall,  Esq.,  M.A.,  F.R.8.,V.P.G.S.    (Read  June  22nd,  1898.) 

[Plati  XXIX] 

Lr  our  previous  notes  *  an  acoount  was  giyen  of  the  rocks  and 
fossils  which  had  been  collected  by  Dr.  KKettlitz  and  sent  home  in 
1896.  Another  large  series  was  brought  back  by  the  same  gentle- 
man on  the  return  of  the  Jackson-Harmsworth  Expedition  in  1897. 
These  specimens  have  been  examined,  and  it  is  satisfactory  to  have 
to  report  that  they  confirm  our  previous  conclusions,  necessitating 
no  modification  of  our  previous  notes,  except  as  regards  some  of  the 
altitudes  at  which  the  specimens  were  obtained ;  these,  however,  do 
not  alter  the  relative  positions  of  the  beds.  At  the  same  time, 
there  are  some  additional  hcts  which  it  is  desirable  to  place  on 
record. 

The  corrected  measurements  of  altitudes  are  given  by  Dr.  EoattlitB 
on  a  preceding  page  (p.  636),  and  these,  it  will  be  seen,  alter  materi- 
ally the  position  of  the  beds  at  Gape  Gertrude  as  given  in  our 
section.  There  are  two  errors  on  p.  503  of  our  previous  paper 
which  we  desire  to  correct.  On  line  4  the  100  feet  of  basalt  refers 
only  to  what  is  seen  in  the  cliff-section,  and  on  line  9  '  highest ' 
should  have  been  printed  ^  lowest,'  which  will  be  found  to  agree 
with  the  section  and  the  measurement  that  we  then  had. 

I.  ROCKS. 

A  very  large  number  of  rock-specimens  have  been  examined,  but 
as  these  belong,  for  the  most  part,  to  varieties  already  described  in 
our  former  paper,  it  will  be  unnecessary  to  refer  to  them  at  any 
length  in  these  general  notes. 

The  common  type  of  basalt  is  evidently  very  widely  distributed, 
for  it  occurs  as  far  west  as  Cape  Mary  Harmsworth.  In  view  of 
the  wide  distribution  of  this  type  it  was  thought  desirable  that  it 
should  be  analysed,  and  the  specimen  represent^  in  ^g,  1,  pL  xxxvii, 
Quart.  Joum.  Geol.  Soc.  vol.  liii  (1897),  was  selected  for  this  purpose. 
It  yielded  the  following  result : — 

I.  Bas&lt,  Cape  Flora  (Teall). 
n.  Do.,  from  the  rook-wall,  Almannagja,  Iceland  (Buinen]. 
m.  Do.,  from  the  north-eastern  coast  of   the  iaknd  or  Yidfrey,  loeland 
(Bunsen). 


^  Quart.  Joam.  Geol.  Soo.  voL  liii  (1897)  p.  477.    In  both  paners  Mr.  TeaU 
is  responsible  for  the  petrology  and  Mr.  Newton  for  the  palseontology. 
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I. 

Percent 

SiO»     47-28 

TiO„    1-48 

AlA  13-24 

FeA  4-441 

PeO 10-60/ 

MnO    -40 

OaO 11-04 

MgO    6-94 

K,0 -31 

Na^O   2-62 

Loss  on  ignition 2-00 

99-25 

The  two  analyses  of  rocks  from  Iceland  are  by  Bnnsen/  but 
they  are  quoted  from  Roth's  '  Oesteins-Analysen.'  They  are 
selected  from  eight  other  analyses  of  'normal  pyroxenio  rocks,' 
which  vary  within  the  limit«  indicated  in  the  following  table : — 

M'B^Tn'T'T^  Msudmum 

Per  cent  Per  cent 

SiO«  47-07  60-26 

ALO3    12-66  18-78 

FeO  11-69  19-43 

CaO 1110  13-01 

MgO 5-20  9-50 

KjO 0-20  0-60 

Na,0    1-24  2-92 

It  is  much  to  be  regretted  that  we  have  no  recent  analyses  of 
the  basalts  of  the  Brito-Arctic  province,  but  we  may  safely  conclude, 
frt>m  those  quoted  aboTC,  that  the  rock  from  Cape  Flora  represents 
a  very  widely-distributed  type. 

In  our  previous  paper  we  called  attention  to  the  widespread 
evidence  of  silicification.  The  collection  now  under  consideration 
includes  many  specimens  which  illustrate  this  point.  Quartz, 
chalcedony,  agate,  laminated  siliceous  deposits  containing  plant- 
remains  and  silicified  wood,  are  all  represented.  In  view  of  the 
occurrence  of  ge3rsers  in  the  basaltic  region  of  Iceland,  one  is 
naturally  led  to  ask  whether  some  of  these  siliceous  deposits  may 
not  indicate  the  former  presence  of  hot  siliceous  springs  in  Franz 
Josef  Land. 

Additional  specimens  of  the  zeolites,  analdme  and  natrolite, 
have  been  received,  and  among  them  occur  some  black  crystalline 
groups  of  analcime  found  in  a  mass  of  lignite  which  was  associated 
with  the  second  tier  of  basalts  at  Cape  Flora.  The  crystab  have 
evidently  grown  in  the  vegetable  matter,  and  their  peculiar  black 
colour  is  due  to  inclusions  of  a  carbonaceous  substance. 

Further  specimens  of  radiolarian  chert  have  been  found.  They 
occur  as  pebbles  in  a  calcareous  sandstone  of  Jurassic  age,  from 
Cape  Gertrude*  Their  presence  under  these  ciroomstances  strengthens 

'  Pogg.  Annalen,  voL  Izzxiii  (1861)  p.  202. 
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the  BoggestioD  made  by  Dr.  Hinde,  that  they  belong  to  some  Palso- 
zoio  deposit.  The  conglomeratic  deposits  of  Jurassic  age  contain 
also  pebbles  of  quartzite  and  yein-quartz. 

The  only  other  rock  of  sufficient  general  interest  to  deserre 
mention  in  this  connexion  is  a  brown  shale  from  Cape  Gertrude, 
highly  charged  with  minute  crystalline  groups  of  selenite.  The 
plant-bearing  beds  from  this  locality  contain  marcasite,  which  is 
often  coated  with  selenite.  It  is  probable,  therefore,  that  the 
selenite  found  in  the  shale  is  of  secondary  origin,  and  not  due  to 
direct  precipitation  from  saline  waters. 

n.  FOSSILS. 

The  additional  information  regarding  the  fossils,  which  we  now 
possess,  will  be  most  convenienUy  considered,  as  in  the  prerious 
notes,  under  each  horizon  and  locality.  Some  of  ihe  beds,  already 
indicated,  haye  now  been  traced  at  oUier  places,  and  these  facts  are 
strong  confirmation  that  the  sequence  as  inferred  firom  the  yarious 
altitudes  of  the  beds  is  substantially  correct. 

1.'  North  of  Cape  Flora.     '  Plant-Bed.' 

Although  no  further  collection  of  specimens  has  been  made  at  the 
original  locality  on  the  northern  side  of  Cape  Flora,  yet  a  number 
of  similar  plant-remains  have  been  met  with  at  two  other  spots  at 
and  near  Cape  Flora. 

At  the  bottom  of  p.  512  of  our  previous  paper.  Dr.  Nathorst  is 
said  to  be  of  opinion  that  the  plants  he  saw,  firom  the  original 
locality,  were  of  *  Upper  Oolite'  age ;  this  is  an  error,  and  we  should 
have  written  *  Upper  Jurassic'  What  Dr.  Nathorst  really  said,  as 
he  points  out  in  a  letter,  was  'that  they  more  probably  belong  to 
the  Upper  (white)  Jurassic  than  to  the  Middle  (brown).'  We  are 
glad  of  this  opportunity  of  correcling  the  error  and  of  apologizing 
to  Dr.  Nathorst,  the  more  so  as  there  is  now  found  to  be  a  better 
agreement  between  the  position  of  this  plant-bed  and  the  other 
strata  at  Cape  Flora  than  had  been  supposed ;  its  position  will  be 
doubtless  in  the  Oxfordian,  at  some  hundred  feet  above  the  AmnionUei 
Lamberti  which,  as  will  presently  be  noticed,  has  been  found  just  at 
the  base  of  the  basalt. 

(a)  A  number  of  small  specimens  of  a  brown  sandy  rock  con- 
taining impressions  of  plants  were  collected  on  the  top  of  Cape 
Flora  at  about  900  feet  above  the  sea,  and  the  rock  was  tliought  to 
be  in  sitUy  although  the  specimens  were  loose  on  the  surface.  This 
rock  is  somewhat  coarser  than  that  from  the  northern  side  of  Cape 
Flora,  but  the  plants  seem  to  have  the  same  facies ;  conifer-needles 
are  most  plentiful,  but  with  these  is  a  piece  of  a  fern,  like  those 
referred  to  Thyrtopteris^  and  a  fragment  which  seems  to  be  Qinkg<K 
These  plants,  it  will  be  seen,  occur  at  some  200  feet  higher  than 
those  to  the  north  of  Cape  Flora,  but  it  seems  highly  probable  that 

1  The  looalitiM  are  numbered,  for  ooDTenieiioe  of  leferonoe^  as  ihay  wen  ia 
our  former  paper. 
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they  are  practically  of  the  same  age.  If  the  sheets  of  basalt  be 
intmsiYe,  the  difference  of  altitude  will  be  no  indication  of  different 
age. 

(6)  A  number  of  fissile  slabs  of  a  brown,  laminated,  siliceous  rock 
(92  per  cent,  of  silica)  have  been  collected  at  Windy  GuUy,  north-east 
of  Elmwood,  from  between  the  second  and  third  tiers  of  basalt,  at 
about  700  feet  above  the  sea.  These  specimens  include  niunerous 
plant-remains,  but  for  the  most  part  they  are  very  fragmentaiy. 
Borne  few  are  well  preserved,  and  among  these  are  pinnules  of  a 
fern  resembling  those  referred  to  Thyrsopteris ;  a  very  perfect  leaf  of 
Ginkgo  (PL  XXIX,  ^^.  3),  which  may  be  the  O.pdaris  of  Nathorst ; 
and  seeds,  with  needles  of  conifers. 

The  similarity  of  the  plant-remains  in  the  beds  which  have  been 
observed  around  Cape  flora,  in  close  relation  with  the  basalts,  leaves 
little  room  for  doubting  that  these  plant-beds  are  all  of  the  same 
age. 

2.  East  of  Elmwood. 

From  a  spot  between  Castle  Bock  and  Sharp's  Rock,  at  about  a 
mile  east  of  Elmwood,  part  of  a  tree-trunk  has  been  obtained 
which  is  40  inches  in  circumference.  This  specimen,  which  is  about 
2  feet  long,  is  interesting  from  its  having  been  found  in  situ  at  the 
base  of  the  second  tier  (from  below)  of  the  basalt,  and  in  all  proba- 
bility indicates  the  horizon  from  which  much  of  the  silicified  wood 
has  been  derived.  This  specimen  is  not  wholly  silicified,  some  parts 
being  preserved  in  carbonate  of  lime  and  others  possibly  in  carbonate 
of  iron. 

3.  Elmwood. 

A  number  of  additional  specimens  have  been  obtained  from  the 
watercourse  and  talus  at  the  back  of  Elmwood,  but  there  is  nothing 
to  add  to  the  information  already  derived  from  the  earlier  series. 
A  quarter  of  a  mile  north-west  of  Elmwood  a  fragment  of  Ammo- 
nites Lamberii  (PI.  XXIX,  fig.  2)  was  obtained  in  situ  immediately 
below  the  basalt,  and  consequently  about  50  feet  higher  than 
the  young  A,  Tehefldni  found  in  place  at  the  back  of  Elmwood. 
Ammonites  Lamberti  is  definite  evidence  that  the  beds  directly 
below  the  basalt  are  of  Oxfordian  age,  and  its  position  above  the 
A,  Tehefkini  and  A.  modiolaris  makes  it  probable  that  Oxford  day 
occurs  at  this  place. 

4.  Windy  Gully. 

The  shoulder  of  rock  at  the  southern  end  of  Windy  Gully  is, 
according  to  Dr.  Kosttlitz,  about  370  feet  above  the  sea  at  its 
lowest  part,  and  rises  to  over  400  feet.  The  beds  dip  at  from  V  to 
d^  to  the  N.N.E.  Several  portions  of  Ammonites  Ishmce  var.  have 
again  been  found  at  this  locality ;  but  more  interesting  perhaps  are 
a  large  lamellibranch  and  a  belemnite,  which  seem  to  be  altogether 

Q.J.Q.8.  No.  216.  2e 
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new  (PI.  XXIX,  figs.  4  &  5).  These  two  fossils  were  found  in  one 
piece  of  matrix,  hard  frozen,  hut  Dr.  KoBttlitz  says  that  it  was 
certainly  in  situ. 

The  lamellihranch  is  a  large  InoceramusAike  shell,  ahont  8  inches 
long  and  5  inches  wide  in  its  present  imperfect  condition.  It  has 
a  great  resemhlanoe  to  the  Cretaceous  Inoceramus  Cuvieri.  The 
margins  of  the  shell  have  heen  destroyed,  and  the  outline  is  therefore 
unknown,  hut,  judging  from  the  direction  of  the  eight  or  nine  strong, 
rounded,  wave-like  folds,  it  was  oval  in  shape,  narrowing  towards  the 
umho.  The  hinge  heing  destroyed,  its  generic  affinities  are  uncertain, 
hut  provisionally  it  is  placed  in  the  genus  Inoceramw. 

The  helemnite  is  ahout  3^  inches  long,  and  tapers  very  regularly 
from  end  to  end.  The  upper  part  shows  the  thin  edge  of  the 
alveolar  cavity,  and  the  guard  cannot  therefore  have  extended  much 
farther.  Sections  exposed  hy  cross-fractures  show  that  the  cavity 
was  central  and  extended  nearly  half  way  down  the  specimen,  also 
that  the  guard  is  compressed  and  oval  very  nearly  to  the  apex  :  the 
radiation  heing  as  nearly  as  possible  concentric.  There  is  no  trace 
of  any  flattening  or  grooving  towards  the  apex. 

This  helemnite  resembles  the  B.  inomatus  of  Phillips^  in  its 
general  form ;  especially  is  it  like  the  figure  in  which  the  grooves  of 
die  apex  are  wanting ;  but  the  present  specimen  is  more  compressed, 
and  there  is  nothing  to  show  that  grooves  were  ever  present  at  the 
apex.  There  is  a  specimen  in  the  British  Museum  from  the 
Inferior  Oolite,  which  is  referred  to  the  B,  spiriatus  of  Quenstedt, 
that  is  somewhat  like  our  specimen  in  form  and  is  much  com- 
pressed, but  the  apex  is  more  slenderly  pointed  and  there  are  other 
differences. 


5.  West  of  Elmwood. 

Many  new  specimens  have  been  collected  from  this  locality,  500 
yards  west  of  Elmwood,  at  a  height  of  30  or  40  feet  above  the  sea, 
but  most  of  them  are  too  poor  to  add  anything  to  what  has  already 
been  said.  Among  the  many  pieces  of  belemnites  there  are,  how- 
ever, some  which  i^ow  on  the  broken  surfaces  excentrio  radiation  of 
the  B,  Panderi-type  as  well  as  the  general  form  of  that  species. 

Many  fragments  of  Avicula  and  pieces  of  Ostrea  have  been  added 
to  the  previous  collection,  but  the  former  genus  is  now  represented 
by  one  or  two  more  perfect  specimens.  One  valve  preserved  in 
ironstone  is  slightly  concave,  and  measures  about  d|  inches  in  height 
and  about  the  same  in  length  (PL  XXIX,  fig.  1).  The  hinge-hne 
is  preserved,  and  is  seen  to  extend  as  a  pointed  wing  to  a  greater 
length  than  was  suggested  by  the  outline  in  the  previously-published 
plate.  This  is  evidently  the  same  species  as  the  shell  there  figured, 
but,  being  the  fiattened  valve,  it  has  the  ornamentation  less  strongly 
marked  and  appears  to  have  been  as  large  as  the  convex  valve. 

^  BritiBh  BdenmitM,'  Monogr.  Palmmt  Soc.  1865,  pL  xvui,  fig.  46  T. 
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6.  Cape  Gertrude. 

Many  examples  of  the  beds  exposed  at  Cape  Gertrude  have  been 
reoeived,  and  these  show  vegetable  remains  at  several  horizons,  but 
nothing  sufficiently  perfect  for  identification.  One  bed  may  be 
eepecifdly  mentioned :  it  is  a  grey,  calcareous,  sandy  rock  filled  with 
carbonized  vegetable  remains,  and  at  first  sight  reminds  one  of  the 
sandstone  with  plants  found  at  Cape  Stephen  ;  but  the  present 
specimens  are  much  more  friable,  and  besides  this  the  plant-remains 
are  indeterminable  and  seem  to  be  altogether  different ;  there  are 
none  of  the  broad  leaves,  which  are  so  plentiful  in  the  Cape  Stephen 
rock,  but  the  remains  have  more  the  appearance  of  broken  pieces  of 
charcoal  and  give  no  outline  to  indicate  the  form  of  the  plant. 

11.  Cape  Richthofen. 

In  the  earlier  notes  on  the  plants-remains  from  this  locality,  the 
possibility  of  certain  of  them  being  of  Tertiary  age  was  suggested. 
Examples  of  these  plants  have  since  been  submitted  to  Dr.  Nathorst, 
who,  in  a  letter  written  on  board  the  Antarctic,  and  dated  May 
30th,  1898,  says  that  the  absence  of  any  fragment  of  a  dicotyledon, 
which  probably  would  not  have  been  the  case  if  the  bed  had  been 
of  Tertiary  age,  and  the  presence  of  two  or  three  species  of  Pinites 
(one  of  which  may  rather  be  named  Taxites)  lead  him  to  think  that 
these  plant-remains  correspond  with  the  Jurassic  forms  from  Cape 
Flora. 

In  conclusion  we  desire  to  express  our  high  appreciation  of  the 
services  which  Dr.  Koettlitz  has  rendered  to  geology  in  connexion 
with  the  Jackson-Harmsworth  Expedition  to  Eranz  Josef  Land.  He 
had  many  duties  to  perform,  and  it  was  only  in  the  intervals  that 
could  be  spared  from  these  duties  that  he  was  able  to  study  the 
geology  of  the  district.  Under  these  circumstances  our  warmest 
thanks  are  due  to  him  not  only  for  the  keen  interest  that  he  has 
taken  in  our  science,  for  the  energy  that  he  has  shown  in  collecting 
minerab,  rocks,  and  fossils  under  difficult  and  adverse  conditions, 
and  carefully  noting  their  mode  of  occurrence,  but  also  for  the  skill 
with  which  he  has  made  his  observations  on  the  general  structure 
and  physical  features  of  that  ice-bound  land. 

EXPLANATION  OF  PLATE  XXTX. 

Fig.  1.  Avieula  ep.     Half  natural  one.    Found  in  place  500  yarda  watt  of 
Elmwood  and  30  to  40  feet  above  sea- level. 

2.  Ammonites  Lamberti.    Fragment,  natural  size.    Found  in  place  at  the 

base  of  the  basalt,  \  mile  north-west  of  Elmwood. 

3.  Crinkgo  polaris  (t),  Nathorst.    Natural  size.    From  plant-bed,  in  place, 

between  the  second  and  third  tiers  of  basalt,  above  Windj  Gullv. 

4.  Inoeeramus  (7j,    Half  natural  size.    Found  in  place  on  the  shoulder  of 

rock  at  the  southern  end  of  Windy  GoUv. 

5.  Belemnites  sp.    Natural  size.    Found  with  the  InoceramuB  of  fig.  4. 

The  curvature  has  no  doabt  been  caused  by  the  fractures,  which  are 
indicated  in  the  figure.  5  a.  Gross-section  at  the  point  marked,  to 
show  the  oval  and  compressed  outline,  as  well  as  the  alveolar  cavity. 

2%2 
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D1SOV6810K  (ok  thb  two  FBBOBDnre  Papbbs). 

Dr.  J.  W.  GBseoBT  expressed  his  appreciation  of  the  careful 
obserratioos  made  by  Dr.  Koettliti.  He  asked  why  Payer's  granite- 
erratic  did  not  come  from  North-East  Land  or  from  one  of  the  g^ranitic 
areas  of  Spitsbergen.  He  thought  that  there  should  be  considerable 
hesitation  before  accepting  the  basalt  as  Jurassic.  A  single  seal- 
skeleton  at  the  height  of  700  feet  at  Cape  Neale  was  hardly  con- 
dusive  proof  of  submergence,  as  bears  often  carry  their  prey  to 
some  distance.  The  eyidence  of  the  400-foot  terraces,  however, 
was  quite  convincing.  The  reindeer-antlers  found  by  Leigh  Smith 
might  be  explained  as  due  to  occasional  migrations  from  Spitsbergen. 
Reindeer  wander  for  great  distances  over  the  ice,  there  being 
evidence  that  Siberian  reindeer  occasionally  reach  Greenland. 

Mr.  GooncHiLD  spoke  of  the  high  scientific  value  of  the  work  done 
by  Dr.  Kodttlitz.  From  what  he  had  heard  of  the  paper  it  did  not 
appear  to  be  certain  that  the  Author  had  made  out  any  clear  case 
for  the  occurrence  of  fossils  of  undoubted  Jurassic  age  in  any  of  the 
rocks  interstratified  with  the  lavas.  It  is  possible  that  the  fragment 
of  Ammonites  Lamherii  recorded  from  the  '  basaltic  tuff'  may  be  of 
the  same  nature  as  the  ejected  blocks  of  older  rocks  which  so  com- 
monly occur  in  connexion  with  volcanic  ejectamenta.  He  thought 
that  the  granite-block  to  which  reference  had  been  made  might  have 
reached  the  surface  by  the  same  means. 

Mr.  HuDLESTOK  said  that  these  papers  were  interesting  to  Jurassic 
as  well  as  to  Arctic  geologbts,  being  supplementary  to  the  very 
important  communication  previously  made  to  the  Society  by 
Messrs.  Newton  &  TeaU.  It  was  evident  that  the  Franz  Jos^ 
archipelago  is  the  remains  of  a  terrigenous  deposit  which  has  been 
preserved  from  destruction  by  a  capping  of  basalt ;  it  must  not  be 
regarded  as  an  oceanic  group.  The  faunas  hitherto  discovered 
appeared  to  be  Jurassic  only,  and  mainly  Oxfordian :  but  the  upper- 
most plant-bed  involved  in  the  basalt  might  possibly  be  of  another 
period.  At  all  events  he  did  not  feel  satisfied  as  to  the  Jurassic 
age  of  any  portion  of  the  basalt,  notwithstanding  the  fact  that  a 
fragment  of  Ammonites  Lamherii  had  been  found  in  '  basaltic  tuffl' 
The  paper  did  not  appear  to  throw  much  light  on  the  sections  already 
exhibited,  and  the  speaker  expressed  surprise,  considering  the  length 
of  time  occupied  by  the  Expedition,  that  so  few  specimens  had  been 
found  >n  situ^  but  he  did  not  suppose  that  for  this  Dr.  Koettlitz  was 
in  any  way  responsible. 

Mr.  liOBLBT  thought  that  Dr.  Koettlitz,  notwithstanding  Arctic 
dimatal  conditions  and  other  very  serious  obstacles,  had  accom- 
plished geological  work  which  was  among  the  most  important  of 
the  results  achieved  by  the  Expedition. 

Mr.  E.  J.  Gabwood  and  Prof.  Watts  also  spoke,  and  Mr.  £.  T. 
Newtoh  replied. 
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pi.  ii. 
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Gothard  Pass,  a57-373  figs. 
Agardh  Bay  (Spitsbergen),  sect,  along 

TalleT-floor  to  Sassendal,  206. 
*  Age,'  duration  dependent  on  that  of 

ammonite-fiimiliee,  443  444. 


Ag^omerate,    toIc,   of   Lambay   L, 

141. 
Airolo  (St.  Gk>thard),  Tremola  Schists 

nr.,  358,  359. 
AldebuTffh  (Suffolk),  struct,  of  Oor. 

Crag  ft,  Bamsholt  to,  327,  329  fig. ; 

Oraf  at,  338,  339. 
Alderburj  Hill  (Wilts),  flint  from, 

exhib.,  cri ;  platecui-graTel  at,  297. 
Aid  worth  (Oxon),Quartsite-graTel  nr., 

591. 
Alexandra  Land  (Franz  Josef  Land), 

geoL  feats,  of,  631. 
Algous  (?)  borinffs,  infilled  w.  silicate 

of  iron,  322-323  fig. 
Allpokt,  S.,  obituary  of,  Ix. 
Almannagja  (Iceland)  basalt,   chem. 

anaL  of,  647. 
AmaltheidsB,  short  period  of  domin- 
ance, 448 ;  list  of  genera,  459. 
Amlwdi  (Anglesey),  metamorph.  grits 

k  shales  s!w.  of,  374^381  figs. 
Ammonite-families,  k  their  conn.  w. 

'  Jurassic '     time-diTs.,    443  444  ; 

amm.-genera,    genealogy   of   soma 

'Jurassic,*  451-452    w.    table    ii; 

notes  on  same,  452-459;    list  of 

same,  459-461. 
Ammonitee  Ishma^  Tar.,  649. 

LamberHf  649  k  pL  xxix. 

Mtmtelli,  zone  of,  246. 

pettua,  see  Cceloceras, 

Tch^ni,  637. 

Amphiete^na-hodB   on    Bissex   Hill, 

545-546 ;  at  Bowmanston,  547. 
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Ampthili  Clay  of  Beds  &  Lines,  eorrel. 

w.  Oorallian  of  Upware,  616. 
Amygdaloid  of  KHpriyersberg,  86. 
Ainygdaloidal    porphyrite,    etc.,    of 

Lambay  I.,  146. 
An  Mafiri  (Botuma),  plan   &  seots. 

of  oaTe,  8. 
Analdme,  blaek,  assoo.  w.  lignite,  in 

Franz  Josef  Land,  647. 
Andesites,  Tesioular,  of  S.  Transraal,  • 

94;    of  Lambar  L,   144  fig.;   of 

Herefordshire  Beacon  area,  557  et 

seqq. 
Andesitic  rocks  of  Lambay  I.,  142- 

145. 
Anglesey  (N.),  metamorphism  of  grits 

&  shflies  in,  374-381  figs. 
Aneular  flints  &  tarsens  in  grarels  of 

£agshot  district,  185  et  teqq, 
Anniud  Qeneral  Meeting,  ix. 
Anthracite   in  cuprif.  lodes  of  Qt, 

Orme*s  Head,  384,  389. 
Antiquity  of  man,  evid.  furnished  by 

ossif.  oaTems  in  glaciated  districts 

of  Britain,  Izxriii-cii. 
ArachnocrintiB,  oomp.  w.  PetalocrinuSt 

437  %.-438. 
Area  dunvii,  its  aignif .  as  a  Lenham 

foss.,312. 
Archflsan  of  8.  Transraal,  75-76. 
Arctic    glaciers,    distinctions    betw. 

Alpine  and,  202 ;  Arct.  shells  absent 

ft.  Cor.  Crag,  346-346. 
Ardennes  (Be^um),  poes.  source  of 

materials  of  Bowsey  Hill  &  other 

gravels,  589. 
Arenig  age  of  Middle  Skiddaw  Slates, 

525.  530;  beds  of  St.  Darid's  & 

Shelve,  graptolites  comp.  w.  those 

of  Sk.  Slates,  Uble  ii  (526-527). 
Argile  des  Polders  sup^rieure,  medi. 

anaL  of,  575-576 ;  hst  of  foramini- 

fera  fr.  Heyst,  576-577 ;  A.  d.  P. 

inf^rieure,  575,  581. 
Arietidie,  list  of  genera,  459. 
Arietidan  Epoch,  447-450  &  Uble  i. 
Arietites,  generic  definition  modified, 

452-453. 
Arkwright*s  Town   Station  (Derby), 

descr.    sect,     betir.    Duekmanton 

Tunnel  and,  163. 
Arms  &  arm-fan  in  Petalocrinus,  410- 

420  figs. ;  measurem.  of,  422,  428, 

429. 
Arhold-Bembose,  H.  H.,  on  Quarts- 
rock  in  Carb.  Limest.  of  Derl^shire, 

169-182    k    pis.    xi-xii    (map  & 

microsc.  sects.). 
Ash  (Kent),  Palseoliths  from,  292  fig., 

293. 
Ash  (Surrey),  gravel  of,  192. 


Ashes,    vole.,    of   Lambay    I.,  140- 

141. 
Ash-rooks,  volcanic,  of  Botuma,  6,  7, 

n. 

Ashampstead  Common  (Berks),  seet. 

to  College  Wood,  588;  high-level 

graveb  on,  597. 
Asbdown  Beds  of  Heathfield  (Wald- 

ron).  567,  569,  570. 
Ashley  Hill  (Berks),  Quartiose  Gravel 

of,  587, 589. 
Astaoomorpha,  16. 
Asteroceras,  ArietiUs  TVcmm  dieting. 

from,  452. 
Asteroceratan  Age,  447  &  t^ble  i. 
.  Auditors  elected,  vL 
Augite-andesites  of  Lambay  L,  142, 

143. 
Auriferous  nnd  fr.  North  Saskatdie- 

wan    River,    exhib.,    ciii;    aurif. 

conglom.  of  Gk>ld  Coast   Colony, 

290;  of  Main  Beef  k.  Black  Beef 

Series,  80-86  w.  plan  k  sects. 
Afrieula  sp.  (Franz  Josef  Land),  650 

k  pi.  xxix. 
Avon  (Bristol),  erid.  of  submerged 

valley  in,  261. 
Arms,  Sir  H.,  obituary  of,  Ix. 
AzygoaraptuB^      generic      deflnitioii 

modified,  513 ;  note  on,  515. 
—  ecBleb$,  514. 
Lapwarthi,  513  5  phylooeny  of, 

534-535  k  table  iv. 
auectcua,  514-515  fig. ;  phylogeny 

of,  534-535  k  table  iv. 


Bagshot  (Surrey),  gravels  of  district, 

184-195  figs. 
Bagshot  age  of  Haldon  gravels,  2S5, 

Bala  Beds  k  assoc.  igneous  rocks  of 
Lambay  L,  ld&.l&  figs.  &  pL  ix 
(map);  B.  B.  nr.  Little  Orme^s 
Head,  394. 

Balance-sheet  for  1897,  zxziv-xxxv. 

Baldhead  Glacier  (Spitsbergen).  20% 
208  &  pi.  xvii. 

Banket  Beefs  of  Main  Beef  Series, 
descr.,  81-86  w.  plan  k  sects. 

Barbados  (W.I.),  u^bM^erifia-marls  k 
basal  reef-rooks  of,  540-550  w.  map 
k  seots. ;  foraminifera  fr.  same, 
550-555. 

Barents,  Cape  (Frans  Josef  Land), 
column,  basalt  of,  625. 

Barlow-Jameson  Fund,  list  of  recipi- 
ents, xxxi. 

Barmouth  (Merioneth),  submerged 
valley  at,  25a 

Barbois,  C,  visit  to  London.  viiL 
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Barrow,  O^  on  Occurr.  of  Chloritoid 

in  KincardineBhire,  149-155  fig.  & 

ohem.  anaL 
Barry  Dock  (Glamorgan),  old  land- 

surfaoes  at,  255,  276. 
Basal  reef -rooks  of  Barbado^  540-550 

w.  map  k  sects.;  foraminifera  fr. 

■ame,  o50-555. 
Basidts   of  Franz  Josef  Land,  633- 

636,    646    w.    ohem.    anal. ;     of 

Gatsrand  Series,  91 ;  of  Iceland, 

obem.anaL,  647 ;  of  Botuma,5,6, 10. 
BasUdon    Hill    (Berks),     Quartsose 

GraTel    of,  587,  589;    Quartzite- 

gravel  of,  591,  593 ;  local  grayel  of, 

597  ;  flint-flake  in  same,  598. 
Bastite,  pseudomorph.   after   byper- 

sthene,  in  Lambay  andesites,  142, 

143. 
Bathamgate  (Derby),  quarts-rook  of, 

177. 
Bather,  F.  A.,  on  Petalocrinus,  401- 

441  figs.  Sl  pis.  zzT-xrvi ;    exhib. 

speoim.  of  Hapaloerinua   VictoruB^ 

cYii,  441. 
Bathonian,  chronol.  misuse  of  term, 

442. 
Batsford     (Glouoester),     Quartsite- 

graTel  of,  595. 
Battery  Beef  Series = Eimberley  Series, 

83. 
Bauirmah,  H.,  on  Intern.  Geol.  Oon- 

gress,  iii ;  elected  Auditor,  tL 
Beaob,  trayel  of,  along  S.  coast  of 

Engl,  315. 
Beaches,  raised,  in  Frans  Josef  Land, 

638;  in  Spitsbergen,  205  sT  8eqq,, 

214 ;    in    Cornwall,    newer    than 

stream-tin  graTels,  2^4-276, 
Beach-material,  redeposited,  moraines 

in  Spitsbergen  formed  of,  210. 
'Beach-sandstone'  of  Botuma,  5,  11. 
Bbaslbt,  H.  C,  quoted,  385,  39a 
Beer    (Devon),    quany-seot.    desor., 

242. 
Beer    Stone,    comp.  w.  Widworthy 

grizsle,  241. 
'Beheading'  of  Talleys,  279  et  aeqq,, 

289. 
B^emnitet  sp.   (Franz  Josef  Land), 

650  &  pi.  xxiz. 
Belffiuni,    Diestien  fauna   comp.  w. 

those  of  Oor.  Crag  k  Lenham  Beds, 

317-320 ;  see  alao  Ardennes,  Li^e, 

etc. 
Bell  Bar  (Herts),  Qnartsose  Gravel 

of,  589. 
Bell  I.  (Franz  Josef  Land),  raised 

beaches,  etc  of,  630. 
Bell  Sound  (Spitsbergen),  glacial  beds 

on  shores  of.  213,  216  fig.,  217. 


Bennane    Shales  =  Middle    Skiddaw 

SUtes,  528. 
Berkshire,  high-level  ^vels  of,  585- 

600  flffs.  &  pi.  zxriii  (map). 
Betsford  (Surrey),  sarsen  in  sandpit, 

187. 
Bbwick,  T.  J.,  obituai7  of,  Ixv. 
Bezuidenyille  boring  (Witwatersrand), 

sect,  descr.,  84. 
Bigsby  Medallists,  list  of,  xzxi. 
BiLLinTON,  B.  J.,  quoted,  572. 
Binfleld  (Barbados),  occurr.  of  Glo- 

bigerina-m&r\  predicted,  549. 
Biotite  in  Tremola  Schists,  366-367 

Biotite-gneiss     of     Tremola    Schist 

group,  358,  359. 
Bird  [Beef]  Series  (Witwatersrand). 

84. 
Bissex  Hill  (Barbados),   GlohigerinO' 

marb  &  basal  reef-rocks  of,  540- 

555    w.    map,    sects.,    k    list    of 

foraminifera. 
Black  Beef  formation  in  S.  Transraial, 

86. 
Black  Shale  Coal  (seam),  164. 
Blackiiorb,  H.  p.,  exhib.  flints  fr. 

Alderbury  Hill,  cri. 
Blake,  J.  F.,  Berindication  of  Llan- 

beris  Unconformity  [title  only],  t  ; 

Laooolites  of  Cutch  [abs.],  1^13. 
Blanpord,    W.     T.,    receives    Lyeil 

Medal  for  W.  Wsagen,  xIt,  zlvi. 
•  Blue  Crag*    at   G^grave  k    Sud- 

boume,  &3. 
Bod-y-Sgallen  (Little  Ormei's  Head), 

Carb.  Limest.  rocks  of,  391,  393, 

397. 
Bokkeveld  Shales,  Devon,  age  of,  96, 

100. 
Bolddrien  Sea,  S.    k   W.  limiU  of, 

315.  316  map. 
Bolsover  Tunnel  (Derby),  Permian  9^ 

Coal   Measures  in,  161-162  fig.  k 

pi.  z  (vert,  sects.). 
BoNinET,  T.  G.,  on  Gamet-Actinolite 

Schists  on  S.  side  of  St  (jK>thard 

Pass,  357-372  figs. ;  on  jiebbles  k 

rock-fragments  fr.  Quartzitf^gravel 

of  Bose  Hill,  Caversham,  592. 
Bonsall     (Deri>y),      quartz-rock     k 

quartzose  limest    nr.,   170-176   k 

pis.  zi-zii  (map  k  microsc.  sects.). 
Booming  Glacier  (Spitsbergen),  203, 

207  fig.  k  pis.  xvii-xix;  moraines 

of,  209. 
Boreal  shelb  alisent  fr.   Cor.  Crag, 

345-346. 
Borings,  deep,  on  Witwatersrand,  83, 

84 
Bothas  Series  =  Bfain  Beef  Series,  83 
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Boulav  Bay  (Jenej),  pyiomerides  of, 

101-118  flgB.  k  pi.  Til 
Boulder  Olay  of  Ffynnon  Beano  &, 

Ty  Newydd  Cavee,  131, 132 ;  absent 

in  sectionB  along  Lincoln  k  Cheeter- 

field  By.,  167, 168 ;  oocarr.  in  Tawe 

Biver,  263 ;  nr.  Neath,  etc.,  254, 270- 

271 ;  (?)  in  8.  Devon,  271-272 ;  on 

QtOrme's  Head,  382. 
Boulder-terraoee  in  Spitsbersen,  214- 

215. 
BouLi,  M.,  elected  For.  Oorr.,  orii. 
BoTey    Traoey    (DeTon),    Eoc.    age 

of  depoeits,  234  et  seqg, ;  Boaldir 

Olay  (?)  at,  271. 
Bowmanston  (Barbados),  rock-eucoee- 

sion  at,  541, 547 ;  foraminifera  from, 

652-555. 
Bowaey  Hill  (Berks),  Qaartxoee  Ghrarel 

of,  687, 589 ;  flint-flake  in  same,  596. 
Boxstones  in  Crag  of  B.  Anglia,  orig. 

of,  313-317,  354-355. 
Boyton    (Suffolk),    sects,    k  borings 

betw.  Iken  and,  332;   Bed    Crag 

at,  333-334  w.  list  of  foss. 
BrachTura,  fossil,  of  England,  18-44 

k  pU.  i-ii. 
Bbadt,  G.  S.,  on  oetracoda  fr.  Gar- 

dwm-mxid  of  Heyst.  578-579. 
Brasilia,  gen.  noT.,  458. 
Brightling  Series,  see  Purbeck  Beds  of 

Sussex. 
Britonferry  (Glamorgan),  submerged 

▼alley  at,  255. 
Broad  Down  (Malvern),  rooks  betw. 

Tinker^s  Hill  and,  557,  559;  tuff(?) 

on  N.B.  flank  of,  561. 
Brock  Tor  (Derby),  quarts-rock  of, 

178. 
Bbodh,  Bev.  P.  B.,  obituary  of,  Ixvii. 
Broom  Hill  pit  (Suffolk),  boring  in 

Crag  at,  336  w.  list  of  foss. 
Brown,    Nicol,     ezbib.    Swaxiland 

implemts.,  cri. 
Brown  Limestone,  Lr.  (Garb.),  of  Gt. 

Orme's   Head,    385-388  w.  ohem. 

anal. ;  of  Little  Orme's  Head,  394, 

396-^98. 
Bruce  I.  (Franz  Josef  Land),  627; 

diagr.  to  expl.  ice-hollow  in,  629. 
Bruges  Oanal  (Belgium),  post-Glacial 

bMs  exp.  in  cuttmg  of,  575-581  w. 

lists  of  foss. 
Birn    Dinarth     or    Euryn    (Little 

Orme's   Head),  Carb.    Limest  of, 

391, 397. 
Bryograptus,    struct,    of,     472    flg. ; 

graptol.  derived  from,  532-535. 
cf.  Callavei,  470  fig. ;   graptol. 

derived  from,  534-585. 
X^eruiifi,  4<i9-470  flg. 


Bryograptu9  ramomu  var.  cttmbrtnms 
nov.,  471  figs. ;  phylogeny  of,  581, 
532-633  stable  IV. 

Bockland  (Dover),  shells  from,  exhib., 
ex. 

Buckmah,  S.  8.,  on  Groupg.  of  some 
Divs.  of  so-called  '  Jurassic'  Time, 
442-462  w.  tables  i&ii. 

Bull  Bing  (Derby),  limest.  w.  quarts- 
crystals  nr.,  178. 

BuLLBH,  Bev.  B.  A.,  exhib.  Somali- 
land  implemts.,  cvi ;  exhib.  specima. 
k  photogr.  fr.  Buokland  (DoverX  ex. 

Bunter  nr.  Ollerton  and  Warsop,  160 ; 
Bunter  oris,  of  quartxites  in  hi^- 
level  graveU  of  Berks  k  Oxon,  £^ 
594. 

Bunting  Bluff  (SpitsbergenX  gladal  (?) 
beds  in,  217. 

Burwash  (Sussex)  anticlinal,  569. 

BuUey  Creek  (Suffolk),  Cra^beds  of, 
334. 

Oadmore    End     (Bucks),    high-level 

pebble-gravel  at,  585^  586. 
Cadomoeeras,  phylogeny  of,  457,  460. 
Cae    Gwyn    Cave    (Flint),    evid.   of 

antiquity  of    man    furnished    by, 

Ixxxvi;   sect   across   valley    betw. 

Graig  Tremeirchion  and,  121. 
Calcareous  sand  fr.  Botuma  I.,  11. 
Calcite  in  TremoU  Schists,  368 ;  im- 

pregnat  Malvern  vole,  rocks,  557, 

559,563. 
Caldte-epherules  in  Lambay  andeaite, 

143,  144  flg. 
*  Calendar,'  geological,  443. 
Callaway,  C.,  on  Metamorphism  of 

Grits    k   Shales  in   N.    Anglesey, 

374-881  flgs. 
Caloeerat,  restriction  of  genus,  445- 

446. 
Caloceratan    Age,   close  of    Triassic 

Period,  446. 
Camberl^  (Surrey),  sect,  in  Windsor 

Bide  mxel-pit,  190. 
Camp    Point    (Franz  Josef  LandX 

column,   basalt  k   raised   beaches 

of,  625. 
Campbbll,  J.  B.,  obituary  of,  Ix. 
Campvloatofna  matutiforme,  30. 
Canada,  graptolite-fauna  of   Quebec 

Group  comp.  w.  that  of  Skiddaw 

Slates,  525-530  w.  tables  ii  k  iii. 
Canaria,  me  Yal  Canaria. 
Cancridje,  35. 
Cape  System,  in  8.  Transvaal,  74-91 

figs. ;  age  of,  95,  99,  100. 
Carboniferous    gasteropoda,    British, 

45-72  k  pis.  ui-v. 
Carboniferous  Limestone  of  Derby- 
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shire,  quarts-rock  in,  109-183  & 
pU.  xi-zii  (map  k  microeo.  sects.) ; 
t).  L.  of  country  around  LUndudno, 
382-400  fin.  w.  map  k  list  of  foss. 

CaroUnm-ednle  sand  of  Herst,  575, 
577-579  w.  lists  of  foram.  k 
ostraooda. 

Cardium  decoriicatrnn^  seams  in  Cor. 
Crag,  338, 339. 

ptmiUosum,  its  signif.  as  a  Len- 

ham  foss.,  312. 

Oamon  Valley  (Cornwall),  submerged 
rook-valleys  in,  269-270. 

CSamoon  Bay  (Lambay),  altered  slates 
in,  136. 

Oar^ialton  (Surrey),  Pleistoc  deposits 
at,  ii  ▼ 

Caxtbb,  J.  (the  late),  Palieont.  of 
Decapod  Orustaoea  of  England,  15- 
44  k  pU.  i-ii. 

Catalogue  Committee,  Intemat.,  zi. 

Catometopa,  43. 

CaTems,  pits,  eta  on  Botuma  L,  7-9 ; 
oesif.,  in  glaciated  districts  of 
Britain  fumishg.  erid.  of  antiq.  of 
man,  lxr?iii-cii ;  see  also  Ty  Newydd 
4"  other  plaoe-names, 

CaTcrsham  (Oxon),  Quartcite-graTel 
nr.,  591  et  eeqq, ;  flint-flake  in  same, 
598. 

Cefn  Caves  (Denbigh),  age  of  deposits 
in,  xe  ^  $eqq. 

Cenomanian  {k  Tnron.)  outlier  nr. 
Honiton,  239-246  w.  map,  sect,  k 
list  of  foes.;  use  of  term  deprecated, 
260. 

Centre-bit  principle  traced  in  flint- 
implemts.,  299. 

CervuB  elapkus,  horns  found  in  Trent 
YaUey  alluTia,  158. 

Chalk  (Lr.  k  Middle),  outlier  of,  nr. 
Honiton,  239-246  w.  map,  sect, 
k  list  of  foss. 

Chalk  Marl,  equiTalents  on  Deron 
coast,  etc.,  246. 

Chapman,  F.,  ezbib.  Barbadian 
foram.,  ciz;  on  Foram.  fr.  Bissez 
Hill  k  Bowmanston  (Barbados), 
550-555;  on  foram.  fr.  CoralL  of 
Upware,  618. 

Chepstow  (Monmouth),  evid.  of  sub- 
merged Tall^  at,  255-258  figs.  ; 
so-called  ebbing  k  flowing  well  at, 
306. 

Chequers  Farm  (Oxon),  high-lerel 
pcI>ble-graTel  at,  586. 

CWt  assoo.  w.  dolomite  of  S.  Trans- 
Taal,  87,  88 ;  of  Bakewell,  differ- 
entiated fr.  quarts-rock  k  limeet 
of  Bonsall,    etc.,  179  ;    Carb.,  in 


Spitsberffen,  212 ;  in  Carb.  Limest 
of  (H.  Orme's  Head,  391 ;  radio- 
larian  in  Frans  Josef  Land,  647  ; 

Kbbles  in  high-lATel  grayels  of 
)rks  k  Oxon,  586  et  eeqq. 

Chert-quarry  (Bonsall),  quarts-rock 
k  quartsose  limest.  at  k  nr.,  171- 
174  &  pL  X  (microsc  sects.). 

Cheshire,  post-Olaoial  beds  of  Heyst 
oomp.  w.  those  of,  580-581. 

Chesterfield  (Derby),  sects,  along  ry. 
betw.  Linoohi  and,  157-168  fl^. 
&pL  X. 

Chimes  District  (S.  Transraal),  plan 
of  Beef-outcrops  in,  82;  Chimes 
Mines  borehole,  sect,  descr.,  84. 

*  Chinese  walls'  in  Spitsber^ 
glaciers,  202-206  figs,  k  pis.  xiii- 
xrii. 

Chlorite  in  Tremola  Sdiists,  367 ;  in 
schists  of  N.  Anfflesey,  376  ei  seqq, 

Chloritic  Schists  of  Mynydd  Mechell, 
374,  380. 

Chloritoid,  oocurr.  in  Kincardineshire, 
149-156  fig.  k  chem.  anaL 

Chloritoid-r^,  name  proposed,  149. 

Chobham  Ridges  (Surrey),  sarsens  in 
mTcl  of,  1^  et  segq.  figs. 

Ci^rran  (Pembroke),  submerged 
Talley  at,  253. 

Clahk,  G.  T.,  obituary  of,  Ixzrii. 

Clazheugh  (Durham),  explan.  of  sect 
at  14. 

diflon  ^Gloucester),  erid.  of  sub- 
mergea  valley  at  261. 

Climaeograptue  Sckarenherffi,  519. 

dipperton  Atoll  (N.  Pacific),  note  on, 
2:^229  k  pU.  xx-xxii  (map  k 
pbotogr.  views) ;  phosphatized  tra- 
chyte from,  230-233  \k  pi.  xxiii 
(microsc.  sects.)  w.  chem.  anaL    ^ 

Clonograptus,  branching  in,  472;  grap- 
tol.  deriTed  from,  535-539. 

flexUis,  47S. 

cf.  tenellue,  474. 

sp.,  474. 

Clutter's  Cave  (Malyem),  rooks  of, 
559,562. 

Clwyd,  Yale  of  (Denbigh),  glacial 
deposits  in,  Izxxii ;  caves  on  W. 
side  of,  zc;  Carb.  Limest.  succession 
in,  382 ;  Purple  Sandst  of,  382, 398. 

Coal  Measures  betw.  BolsoTer  k  Ches- 
terfield, 162-166  figs. 

Coal-bearing  beds  of  Karoo  System, 
91,92. 

Coal-seams,  format  of,  196. 

CoDRiNGTON,  T.,  On  Submerged  Book- 
Talleys  in  S.  Wales,  Devon,  k  Com- 
waU,  251-276  figs. 
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CcUoeeras,  generio  definition  modified, 

454. 
Ooleshill  (Bucks),  high-level  pebble- 

graTel  at,  585, 586. 
CoLLABD,  T.  W.,  obituary  of,  Hi. 
College    Wood    (Ozon),    Qu&rUoae 

Gravel  of,  587, 589;  sect  to  Aahamp- 

stead  Oommon,  588. 
Oolwyn  Bay  (Flint),  high-leTel  marine 

drift  at,  582-584. 
Combe    HUl    Croes    (Devon),    sect. 

deeor.,  235. 
Cone-in-cone,  196. 
Conglomeratee,  ashy,  of  Lambay  I., 

137-140  fiff.;  aurif.,of  Main  Beef 

&    Blaok  Beef  Series,   80-86    w. 

I^n  &  sects. ;  do.  of  Qold  Coast 

Colony,  290;   breoeiated,  of  litde 

Orme^s  Head,  395. 
Congress,  Intemat.  GeoL,  iii,  riii,  x. 
Contortion  of  shore-deposits  l^  ma- 
rine ice,  213-214. 
Conway  Mountain  (N.  Wales),  pyro- 

merides  oomp.  w.  those  of  Boolay 

Bay,  112  figs. 
Cookers  Books  (Frans  Josef  Land), 

column,  basalt,  etc  of,  631. 
Cuonibe  Lake  (Cornwall),  submerged 

rook-valley  in,  267  fig.,  268. 
CooPEB,    B.   £.,    sects,    in  Bolsorer 

Tunnel  &  aoroM  Treut  Valley,  158 

Jb  pL  X ;  desor.  well-seot.  nr.  Tuz- 

fora,  159;  descr.  sect,  thro*  Duok- 

manton  Tunnel,  164. 
CoPB,  B.  D.,  obituary  of,  Iii. 
Coral-rook  fr.  Funafuti,  or ;  of  Bar- 
bados, 540  et  aeqq. 
Coral-reef  Series  in  Barbados,  age  of, 

549-550. 
Corallian  rocks  of  Upware,  601-619 

w.  map. 
Coralline  Crag  of  E.  of   England, 

320-356  fifis. 
Cornwall,  submerged  rock-valleys  in, 

269-278. 
Council  elected,  xxiv. 
Council  Beport,  ix. 
Coygan    Cave  (Caermarthen),  evid. 

of  antiq.  of   man    furnished  by, 

xciii. 
Crag-beds,  physical  conds.  of  deposit, 

eta.  308-309;   see    aUo  Lenham 

Beds  k  Coralline  Crag. 
CiiBDVBR,  H.,  elected  For.  Mem.,  ox. 
Cretaoeous,supposed  Uttoral,  nr.  Dart- 
moor, 236;   see  aUo  Cenomaniao, 

Chalk,  etc. 
Criccieth  (Carnarvon),  quartxite  w. 

day  from,  iii 
Cross,    Bev.    J.    B.,    obituary    of, 

Ivii. 


Crotalccrinue,  oomp.  w.  Petaloerimu^ 
438. 

Crown  Beef  Mine  (Witwatersrand), 
upthrow  fault  in,  83  fig.;  Crown 
Deep  Mine,  reversed  fiudt  in,  97, 

98  4 
Crowther,  Cape  (Frani  Jos^  Ltnd), 

basalt  of,  635. 
Crush-breccia  of  Tinker's  Hill  k  Broad 

Down,  661. 
Crustacea,  see  Decapod,  €tc. 
Crvptoffraptus  (?)    antennarku,  519* 

520  fig. ;  var.  spinostts,  520. 

Hopkinsoni,  520-521. 

Crystalline  schists,  rare  in  S.  Trans- 

Taal,76. 
Crystalliiatian,  effects  o(  in  prea.  of 

obstacles;  370-371. 
CoNum,  B.,  obitoaiy  of,  Irii 
CDNHcroTON,  W.,  on  PalsBolith.  Imple- 

mts.   fr.    Plateau-gravels   k   their 

Evid.  concemg.    'Eolithic'  Man, 

291-296  figs. 
Cupriferous    lodes    on    Gt.    Orme's 

Head,  383-384  w.  plan,  389. 
Curvature  of  ribs  as  a  generic  criterion 

in  Hildoceratidae,  ^7. 
Cutoh  (India),  laccolites  of,  12-13. 
Cwrt  Sart  (Glamorgan),  sect  in  Boul- 
der Clay  desor.,  254, 271. 
CyathocrinidsB.  descent  of  Petaioerimm 

from,  437-438. 
CyclocorystespulcheUm,  26. 
(hfmbiiesy  ancestor  of  Arietid«,  455. 
(fypkimotus  incertu$,  20. 
(hnrina  islandica,  its  signif.  in  Cor. 

Crag,  325,  327,  S38-3S». 

Daett/lioceras  not  the  forerunner  of 

Periephinctes,  448. 
Dall,  W.  H.,  elected  For.  Corr.,  eviL 
Darellia,  gen.  nov.,  459. 

polita,  sp.  noT.,  459. 

aemieoataia,  nom.  nov.,  459. 

Dart  Biver  (Devon),  erid.  of   sub- 
merged Talleys  in,  262-264  figs. 
Dartmouth  (Devon),  submerged  valley 

at,  264. 
Davidson,  A.  D.  (Birs.),  quoted,  401, 

402. 
Davos   Valley  (Switserland).  stmoi. 

of,    279-289    w.    map,    views,  k 

sects. 
Dawson,  C,  on  Disco  v.  of  Nat  Gas  in 

B.  Sussex,  564-571  w.  ehem.  aoaL 
Dat,  G.  J.,  exhib.  quartiite  w.  olay  fr. 

Criccieth,  iii. 
'Decapitation'    of   ralleyt,    279    €t 

S097.,289. 
Deopod  crustaoea  of  England,  pal»- 

oot.  of,  (5-44  k  pis.  i-ii. 
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]>eooaii  trap,  origin  explaiiied,  IS. 

Deep  Hard  Ck)al  (seam).  104. 

Deep-eea  oonds.,  no  india  of.  in  Oor. 
drag,  343  et  9eqa. ;  deep-sea  de- 
posits in  Barbados,  54(>-555  w. 
map,  sects.,  k  lists  of  foss. 

Denbighshire,  Carb.  Limest  sncoee- 
sion  in,  382.     See  also  Olwyd,  etc, 

Derbyshire,  quartx-rook  in  Carb. 
Limest.  of,  169-183  k  pis.  zi-xii 
(map  k  microso.  sects.). 

Derooeratan  aee,  447-448  k  table  i. 

Deroceratidffi,  list  of  genera,  459. 

Dbs  Oloiskaux,  a.  L.  O.,  obituarr  of, 
lii. 

Deritrified  obsidian  of  Herefordshire 
Beaoon  area,  557,  559. 

Deron,  Eoc  deposits  of,  234-238; 
submerged  rock-vallejs  in,  262-268 
figs.,  270-278;  eee  also  Honiton, 
Widworthy,  etc. 

Diabases  of  Gatsrand  Series,  91. 

DiatomaeesB  in  claj  of  Neyland  Pill, 
252 ;  in  Cardium-wmdi  k  Serobiet^' 
laria^imj  fr.  Hejst,  578.  579- 
580. 

Dittulax,  generic  char,  of,  19. 

Ciirteriana,  19. 

Oweni,  20. 

sp.,  20. 

Dteellograptue  moffatensU,  516. 

I>ieeUoffraptu9-4ikiffeT  of  S  weden,correL 
in  part  w.  Ellergill  Beds,  528. 

DickogrtrDtue,  generic  definition  modi- 

araneOf  ref.  to  D,  octobraehiatu$t 

483. 
oetolmtckiatus,  482-484;  phylo- 

geny  of,  538  k  table  ir. 
Segdwickii  ref.  to  D,  octobrtKhia- 

^i»,483. 

aeparatua,  sp.  noT.,  484-485  Bg, 

Dichotomous  branching  in  graptolites, 

477. 
Dietyonema^  descendants  of,  table  It 

(536). 
LictttoihyrU  eoarctata  used  as  a  heme- 

ral  designator,  table  i  (faoff.  450). 
DidyfMgraptue  affinis,  503-504 ;  phy- 

logeny  ot  535  k  table  iv. 
areuatus,  phylogeny  of,  638  k 

table  iv. 
Ai^biM,  511-512 ;   phylogeny  of, 

533. 
cadueeus,  see  ffibherulus  k  Tetra- 

groftus  Bigafn/u 
exteruuSf    604 ;    phylogeny    of, 

538. 

ftucieulatus,  607  fig.-508. 

fureiilatui,    phylogeny  of,  631, 

633  k  table  iy. 


DidymograptuM  gibberulus,    496-499 

figs. ;  phylogeny  of,  534. 
gracilis,  «)6-607  ;  phylogeny  of, 

535. 
indentus,  510;  rar.  nanuSf  511 ; 

phylogeny  of,  532. 

Nieholstmi,  502  fig.-503;    phy- 

logeny  of,  535. 

nUidus,  499-502  figs. 

patulus,  504-606  figs.;  phy- 
logeny of,  538. 

V'fractus,  608-509    figs.;    ?ar. 

volucer,  510. 

Diestien  period,  map  showg.  W.  k  S. 
limits  of  German  Ocean  towards 
commenoem.  k  end  of,  316;  D.  age 
of  Berks  pebble-grarel,  599. 

Diestien  Sands,  fauna  comp.  w.  those  of 
Lenham  Beds&  Cor.  Crag,  317-320. 

Differential  flow  in  glaciers,  203  st 
seqq.,  223. 

Dipiograptus  appendieHlalus,  518  fig. 

deniatus,  517. 

cf.  tereliusculus,  518. 

Dolerites,  of  Boturoa  I.,  10 ;  of  Ciitch, 
12;  of  Witwatersberg,  91;  brec- 
dated,  of  Tinker's  HiU,  561. 

DoLLO,  L.,  elected  For.  Corr.,  i. 

Dolomite  in  Carb.  Limest  nr.  Llan- 
dudno, 383  et  seqq.  w.  chem.  anal., 
398-399  ;  dolom.-format  in  8. 
Transvaal,  86-89  w.  chem.  anal. 

Dolomitization  of  limest  in  S.  Wales, 
etc,  182-183. 

Domes,  laocolitic,  of  Cutch,  12. 

Donald,  Miss  J.,  award  fr.  Murchison 
Fund  to,  xliii ;  on  AcUsma  k  other 
Carb.  Gasteropoda,  46-72&pls.  iii-T. 

Dorsal  cup  in  Betalocrinus,  408; 
table  of  measurem.,  430. 

Dorycordaites  (?)  fr.  Tereeniging,  93. 

Doveholos  (Derby),  limest.  w.  quarts- 
cryst,  178. 

Draper,  D.,  presents  map  of  Klerks- 
dorp,  Potohefstroom,  k  Erugers- 
dorp  districts,  Tiii. 

Drift,  pre-Glacial,  etc.,  inTy  Newydd 
Caves,  122  et  seqq. ;  Glacial,  in 
Lambay  I.,  136,  139 ; '  Tolcanic/  nr. 
Mansfield,  167;  at  Little  Orme's 
Head,  896;  higfa-leTal  marine,  at 
Colwrn  Bay,  582-584;  see  aim 
Boulder  Clay. 

Dromiaoea,  18. 

DromilUes  Bucklandi,  18. 

Lamarckih  19. 

Drummohd,  H.,  obituary  of,  IriL 

Dnokmanton  Tunnel  (Der^),  descr. 
sect  betw.  Arkwright's  Town  Sta- 
tion and,  163;  Coal  Measures  in, 
164 ;  sect  at  W.  end  of,  165. 
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Dumoriieria,  disapp.  at  olote  of  Har- 

pooeratan  Age,  449. 
Jametoni  anigned  to  UpUmia, 

Dwyka  CoDglomerate,  orig.  of,  94, 
100. 

Dykes,  igneous,  in  Witwatersrand 
Series,  85,  86,  98;  in  dolomite- 
format,  of  S.  TransTaal,  89. 

Earth-moTements,   towards   close  of 

Glacial   Period,  Ixxxi;    conn.    w. 

mineral  changes  in  Tremola  Schists, 

871-872. 
Eastbampstead  Plain  (Berks),  sarsens 

in  gra?el  of,  185  fig.,  186. 
Eaton  I.  (FVanx  Josef  Land),  627. 
Ebbing  k,  flowing  well,  at  Newton 

NoUage,  801-807  w.  chem.  anal,  k 

diagram. 
Eeku^aa,  spp.  assigned  to,  445-446 ; 

dominant    durg.    first   hemera   of 

Derooeratan  age,  447;   classed  w. 

Hildoceratid«.  448. 
Edmonton  (Ganada),  speoims.  from, 

exhib.,  ciii. 
Ekboll,  M.,  quoted,  214,  216. 
Election  of  Auditors,  vi ;  of  Fellows, 

i-Ti,  vii-viii,  ciii-cx ;  of  For.  Oorr., 

i,  crii ;  of  For.  Memb.,  cix,  ox ;  of 

Officers  &  Council,  zxiv. 
EU^has-TtmtkiiiB  at  Oarshalton,  ii. 
Elevation  in  S.  Wales,  DcTon,  k  Corn- 
wall, prob.  durg.  Glacial  Period, 

272-27a 
EUergill  Beds,  Llanvim  age  of,  528. 
Ellbs,  Miss  G.   L.,  on  Graptolite- 

fauna  of  Skiddaw  Slates,  463-539 

figs.  w.  tables  i-iv. 
Elm  wood  (Fmnx  Josef  Land),  Ox- 

fordian  k  other  foes,  from,  649. 
Elsburg  Series  (Witwatersrand),  84. 
Elsworth  Book  at  Upware,  606  ei  aeqq. 

w.  lists  of  foes.;    its  stratigraph. 

position,  614. 
Embabaan    (Swaziland),     implemts. 

fr.  graTcls  of,  exhib.,  cr. 
Emil^t  gen.  nov.,  456. 
Engadin  (Switxerland),  decapitation 

of  valley.  279. 
Englacial,  varying  uses  of  term,  221. 
England,  palieont.  of  decapod  Crus- 
tacea of,   15-44  k  pb.  i-ii;    (E.), 

early   Pleistoc.  conaits.   in,    xcvii; 

Plioc.  of,  308-866   figs.;   (N.W.), 

evid.  as   to  antiq.    of  man  fum. 

by  ossif.  caverns  in,  Ixzix. 
Eocene  deposits  of  Devon,  234-238; 

Eoc.  a^  of  Scotland  Beds,  550. 
Eojurassio,  442. 
'  Eoliths,'  so-called,  291  et  ieqq. 


'  Eolithic  *    man,    his   existence  dis- 
cussed. 291^300  figs. 
Epeirogeoio  movements  in  relat   to 

glacial  periods,  224. 
Epidiorites  in  Witwatersrand  Series, 

85. 
Epidosite  of  Hangman's  Hill,  562. 
Epidote  in  Tremola  Schists,  367 ;  in 

Pant-y-Glo  Schists,  377  et  tegq. 
Erratics,  glacial  (?),  in  S.  Devon,  271- 

272. 
Esker-like  ridge  in  Spitsbergen,  211- 

212  w.  plan  k  sects. 
Estimates  for  1898,  xxxii-xxxiii. 
Etyus  Martini,  36. 
Bkicorystes  Broderipii,  25. 

Carttri,  25. 

Evesham  (Worcester),Quartsite-grmvel 

of,  594. 
Ewelme  (Oxon),  high-level  flint-gravel 

of.  596. 

Fairlight  Clays  at  Heathfield,  567, 
569,  570. 

Faibrib,  H.,  ohem.  anaL  of  dolomitic 
Carb.  Limeet.,  387. 

Fakeham  (Kent),  flint-implemt.  from, 
294  fig.,  295. 

Falmouth  estuary  (Cornwall),  sub- 
merged rock-valleys  in  creeks  of, 
269-270. 

False-bedding  in  Spitsbergen  glaciers, 
20Sft8eqq, 

Faringdon  (Berks),  anaL  of  pebbles  in 
sponge-beds  of,  500. 

Fanihun  (Surrey),  gravel  of,  191- 
192. 

Faults  in  Witwatersrand  Series,  81  d 
seqq.,  96  et  eegq,  figs. ;  in  rocks  of 
Bissex  Hill,  541-544  w.  map.  k  sect. 

Fellows  elected,  i-vi,  vii-viii,  dii-cx ; 
number  of,  ix,  xx ;  names  read^oot, 
cix,  ex. 

Felsites  of  Herefordshire  Beacon  area, 
556,  557  et  eeqq. 

Felsite-brecda  in  Outch,  12. 

Felspathic  grit-pebbles  in  Boee  Hill 
(C^versham)  gravel.  592. 

Felstone.  pyromeridal,  of  Boulay  Bay, 
101  et  segq. 

Felstone-pebbles  in  Bose  Hill  (Caver- 
sham)  gravel.  592. 

Ferreira  Mine  (WitwatersrandX  igne- 
ous dyke  in,  o5. 

Ferruginous  Crag = Upper  portiou  of 
Coralline  Crag,  321  et  seoo. ;  orig. 
due  to  infiltration,  321,  34^. 

Ffynnon  Beuno  Cave  (Flint),  evid. 
of  antiq.  of  man  furnished  by, 
Ixxxiv ;  conn.  w.  Ty  Newydd  Caves, 
131. 
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financial  Beport,  xxxii. 
Flint-implements  fr.  Tar.  loc.,  exhib., 

eri;  fr.  Plateau-gravelB,  291-300  figs. 
Flintshire,    CarK  Limest  suceeseion 

in,  382. 
Flora,  Gape  (Franx  Josef  Land),  diagr. 

sect  thro',  622 ;  chem.  anaL  of  banit 

from,  647;  Jurass.  plant-remains 

fW)m,  648. 
Flow  of  glaciers,  uphiU,  202  et  teqq,, 

219;   forward,  207  et  teqq,,  2:20  \ 

differential,  203  et  seqq,,  223. 
Flow-strooture  in    Boulay  Bay  fel- 

stones,  101    et  deqq,;   in   Lambay 

andesites,  143. 
Fluff,  a  kind  of  fiuxion-breocia,  561. 
Fluor  assoc   w.  Derbyshire  quarts- 

rook,  171  et  aeqq,  k  pi.  xii  (microsc. 

sects.). 
FluTiatile  orig.    of   Thames    Valley 

ffraTels,  184  ;  of  Snelsmore  Common 

A  Famham  gravels,  191-192. 
Fluxional  moTement  in  igneous  rocks, 

mineral  struct,  due  to,  368-373. 
Foraminifera  in  quartzose  limest.  of 

Derbyshire,  172  et  seqq.  &  pL  xii 

(microsc.    sect.);    their    sigmf.    in 

Graff-deposits,  328-329,  354-356; 

fr.  GloowerinO'mta'lB  &  basal  reef- 
rocks  of  Barbados,   550-555;   fr. 

post-Olaoial  beds   of  Hmt,   576- 

o78,  580 ;  in  Oorallian  of  Upware, 

607,  617. 
Forbes,    Cape   (Frans  Josef  Land), 

basalt  k  raised  beaches  of,  631. 
Forder  Lake  (Cornwall),  submerged 

rock-valley  in,  268. 
Foreign    Correspondents    elected,    i, 

crii ;  number  of,  ix,  xx ;  list  of,  xxvi. 
Foreign    Members   elected,   cix,   ex; 

number  of,  ix,  xx ;  list  of,  xxr. 
Forest  Bed  (Norfolk)  fauna,  age  of, 

xcriii. 
*  Fossil  ice '  in  Franz  Josef  Land,  640 ; 

in  Spitsbergen,  223. 
Fossilization  of  certain  crinoids,  403- 

405fiff. 
Fox  Hilli  (Surrey),  gravel-terraoes  of, 

192. 
Fox    Point   (Spitsbergen),  contorted 

shore-deposits  at«  213 ;  glacial  beds 

at,  216  fig. 
Fox-Strahgwats,    C,    Sects,    along 

Lanes.,  Derby,  k  B.  Coast  By.  betw. 

Lincoln  k  Chesterfield,  157-167  figs. 

ApL  X. 
Fraas,  O.  Ton,  elected  For.  Corr.,  i ; 

obituary  of.  It. 
Fragmented  igneous  rocks  of  Lambay 

L.  140-141. 
Fraitks,  G.  F.,  a  J.  B.  Harrison,  on 


^/o6i^mna-marls  k    Basal   Beef- 
rocks  of  Barbados,  540-550  w.  map 

Assets. 
Franks,  Sir  A-  W.,  obituary  of.  Iviii. 
Franx  Josef  Land,  geoL  of.  620-645 

flffs. ;  rocks  k  foss.  from,  646-651  k 

pi.  xxix  (foss.). 
Freshwater  Bay  (Lambay),  Tcsicular 

andesite  from,  144  fig. 
Friar     Glen     Bum      (Kincardine), 

microsc.  sect  of  chloritoidfrom,  154. 
Fulmar  Valley  (Spitsbergen),  raised 

beaches  in,  205. 
Funafuti  (EUice  Is.),  lowest  core  from, 

exhib.,  ciii. 
Fungous  (?)  borings,  infilled  w.  silicate 

of  iron,  322,  323  fig. 

Ghibbros  of  Magaliesberg,  etc.,  76. 

CWway  Bay,  peat  in,  581. 

Ganga/mopferis  cyclopteraides  fr.  Ve- 
reeniging,  92,  93. 

Gardiner,  C.  I.,  k  S.  H.  Brynolds, 
Bala  Beds  k  Assoc.  Igneous  Bocks 
of  Lambay  L  (Co.  Dublin),  135- 
148  figs,  k  pi.  ix  (map). 

Gardiner,  J.  8.,  on  4|Pol.  of  Botuma, 
1-11  figs. 

Gkmet^ictinolite  schists  on  S.  side  of 
St.  Gothard  Pass,  357-373  fi^ 

Garwood,  B.  J.,  award  fr.  WollastoQ 
Fund  to,  xl;  A  J.  W.  Grisgort, 
Contribs.  to  Glacial  Geol.  of  Spits- 
bergen, 197-225  figs.  w.  map  & 
pis.  xiii-xix. 

Gas,  natural,  in  B.  Sussex,  564-574 
w.  chem.  anal. 

GhMteropoda,  British  Carb.,  45-72  k 
pis.  iii-T. 

Gastroaaem  Wetzleri^  18  k  pi.  i. 

Ghitsrand  (S.  TransTaial),  section  across 
Vaal  B.  to  Parys.  pi.  Ti ;  Gatsrand 
k  Maffaliesberg  Series,  90-91. 

Gebia  cft/peattu,  sp.  noT.,  16  k  pi.  L 

GedgraVe  Marshes  (Suffolk),  boring  in 
Crag,  334 ;  GedgraTe  HaU,  do.,  336 ; 
*  Blue  Crag 'at,  323. 

Grikik,  Sir  A.,  geoL  map  of  England 
k  Wales  by,  exhib.,  cvi. 

Genealogy  of  certain '  Jurassic '  ffenera 
of  ammonites,  451-452  k  table  ii. 

Geodia  (?),  spicules  in  Scrobiculariar 
clay  fr.  Heyst,  579. 

Geological  Surrey  [Index  k  other] 
maps  presented,  iii,  t,  Tii,  dii. 

German  Ocean,  map  showg.  prob.  W. 
k  S.  limits  of,  during  Biioc.  k 
Diestien  periods,  316. 

Gertrude,  Cape  (Frans  Josef  Land), 
radiolarian  cherts  of,  647 ;  plant- 
remains  from,  651. 
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Gkyser-actioii  (?),  in  Franz  Josef  Land, 

647. 
Ginkgo  poUtris  (7),  649  &  pi.  xzix. 
Girvanella,  oocurrenoe  looked  for,  at 

Upware,  608. 
Gi»i)crinv»   comp.    w.    PetcUocrinua, 

437,  438. 
Glacial  deposits  of  Vale  of  Clwyd  & 
adjoining  areas,  Ixxxii ;  glao.  geol. 
of  Spits^rgen,  197-227  figs.  w.  map 
&  pis.  xiii-xix ;  glac.  orig.  of  certain 
gravels  of  Bagshot  district,  185, 189, 
190, 193 ;  of  submerged  rock-Talleys 
in  S.  Wales,  Devon,  &  Cornwall, 
270  et  teqq. ;  glac.  periods  a  result 
of  epeirogenic  movemts,  224; 
glac.  (?)  gravels  of  Berks  &  Oxon, 
689,  691,  595. 
Glaciated  districts  of  Britain,  oseif. 
caverns  in  (fumishg.  evid.  of  antiq. 
of  man),  Ixxviii-oii. 

Glaciation,  traces  of  former,  in  Spits- 
bergen, 216-217. 

Glaciers  of  Spitsbergen  k  tbeir  action, 
200-208  figs.  &  pis.  xiii-xix;  de- 
posits fr.  same,  208-212;  trans- 
marine passage  k  uphill  flow  of, 
218,  219;  flow  of,  220,  223;  glac. 
of  Franz  Josef  Land,  641  et  seqq. 

Globigerina  w.  thick  test«  in  Bissex 
HiU  marls,  645,  546. 

^/o6t^«r»9»a-lime6tone  of  Bissex  Bill, 
etc.,  540.  541. 

Glossograpttis  armatus^  522-523  fig. 

fimbriatns,  521  fig.-^22. 

cf.  Hinckdi,  b2% 

Gloseopteris  Broumiana  fr.  Vereenig- 
ing,  92,  93. 

Gloucester,  submerged  valleys  at  k 
nr.,  260  fig.,  261. 

€k)ld  Coast  (W.  Africa),  aurif,  con- 
glom.  of,  290. 

Gomer  (Suffolk),  Crag-beds  at,  334- 
336  w.  sect,  k  list  of  foss. 

Goniochele  angulaia,  23  k  pi.  i. 

Goniocypoda  mUatct,  sp.  nov.,  43  k 
pi.  ii. 

Goring  Gap  Gravel,  586;  flint-flake 
in,  598  ;  reason  for  name,  600. 

Gotland  (Sweden),  PetcUocrinus  fr. 
Silur.  of,  401,  402  et.  seqq. 

Gover  Viaduct  (Cornwall),  section  in 
submerged  rock-valley  descr.,  269. 

Ghranitic  rocks  in  S.  Transvaal,  75-76. 

Grant,  Cape  (Franz  Josef  Land), 
basalt-terraces,  etc.  of,  632. 

'Graphic  structure,'  restriction  of 
term,  13. 

GraphoceraSy  gen.  nov.,  458. 

Graptolite-fauna  of  Skiddaw  Slates, 
463-539  figs.  w.  tables  i-iv. 


GraptolUkus   bryonaidet,    see    Tetra- 

graptus  serra. 
Gravel  Hill  (Easthampstead),  saraens 

on,  185  fig.,  186. 
Gravels  of  Bagshot  District,  184-195 
figs. ;  glacial,  in  Spitsbergen,  210- 
212 ;  high-level,  of  Devon,  235  €t 
seqq. ;  do.  of  Berks  k  Oxon,  585-600 
figs,  k  pi.  xxviii  (map)  ;  see  also 
Drift,  Plateau-grarels,  etc. 

Great  &  Little  Orme'f  Head,  see 
Orme's  Head. 

Grbeklt,  £.,  award  fr.  Bariow- 
Jameson  Fund  to,  I. 

Greenmore  or  Greenmoor  Hill  (Oxon), 
high-level  gravels  on  k  near.  587  et 
seqq. ;  flint-flake  in  same,  598. 

Greensand,  Lr.,  poss.  source  of  ma- 
terials of  Quartzose  Gravel,  690. 

GssooRY,  J.  W.,  k  E.  J.  Gamwoob, 
Contribs.  to  Glacial  Qeo\.  of  Spits- 
bergen, 197-225  figs.  w.  map  k 
pis.  xiii-xix. 

Greslet,  W.  S.,  on  new  Carb.  Plants  k 
how  they  contrib.  to  Format,  of 
Coal-seams  [abs.],  196 ;  on  Coce-in- 
cone  [abs.],  196. 

Grey  Limestone,  Upper  (Carb.),  of  Gt. 
Orme's  Head,  390-391. 

Ghrits  k  shales,  metamorphism  of,  in 
N.  Anglesey,  374-381  figs. 

Grizzle=hara  chalk,  239  et  seqq. 

Groix,  lie  de  (Britanny),  ohloritoid 
comp.  w.  that  of  Kincardineshire, 
152-163. 

Ground-moraine  in  Spitsbergen,  203. 

Guano  altering  igneous  rocks  ap<m 
wh.  it  is  deposited,  232,  233. 

Gully  Bocks  (Franz  Josef  Land),  plan 
of  E.  glacier.  624. 

Giinther  Bay  (Franz  Josef  LandX 
raised  beaches  etc,  on  shores  of,  625, 
638. 

*  GKitta-peroha  days '  in  Spitsbergen, 
209. 

Guy's  Head  (Franz  Josef  LandX 
column,  basalt  of;  625. 


Haooombe  (Devon),  Bagshot  STavek 

of,  236. 
Hady   Plantation   (Derby),  sects,  in 

Coal  Measures  descr.  k  fig.,  166. 
Haldon  (Devon),  high-levd  graveb 

of,  235  et  seqq. 
Hamoaze  (Devon),  evid.  of  submerged 

valleys  in,  266-268  figs. 
Hangman's  Hill  (Mal?em),  igneous 

rooks  of,  561-562. 
Hapalocrinus  Victorimt  speeim.exhib., 

cvii,  441. 
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Habmsr,  F.  W.,  on  Plioc  Deposits 
of  E.  England:  Lenbam  Beds  & 
Coralline  Crag,  d0&-d54  figs. 

Habmbr,  W.  D.,  photogr.  of  sects,  at 
Iken,  838. 

HarpooeraUn  Age,  448-449  A  table  i. 

Harradbv,  S.,  obituary  of,  ix. 

Harrison, B,  quoted, 291, 293 etseqq, 

Harrison,  J.  B.,  &  G.  F.  Franks,  on 
Gldngerinarmnrlb  k  Basal  Beef- 
rocks  of  Barbados,  540-550  w.  map 
&  sects. 

Hastings  Beds,  brackisb-water  k 
marine  moUusca  wrongly  assigned 
to,  567-568. 

Hatch,  F.  H.,  presents  maps  of  Trans- 
Taal,  iv ;  on  Geol.  of  Witwaters- 
rand  &  otber  districts  of  8.  Transvaal, 
73-99  figs.  &  pi.  vi  (map  &  sect*). 

Haughton,  Rev.  S.,  obituary  of,  Ixri. 

Heath  Hill  (Lambay),  sect.  fr.  nr. 
Kiln  Point  thro'  Seal  Hole,  137 ; 
Glacial  drift  on,  139. 

Heathfield  (Sussex),  nat.  gas  at,  564- 
574  w.  chero.  anal. 

Heidelberg  (Transvaal),  map  of  dis- 
trict presented,  cvi. 

Hekla  Hook  glacial  beds(Spit8bergen), 
216  fig. 

Hemera,  shortest  geol.  time-division, 
443. 

Hemeral  t  ime-table  of  some '  Jurassic  * 
rocks,  451  k  table  i. 

Hendon  (Middlesex),  Pleistoc.  de- 
posits nr.,  ii. 

Herefordshire  Beacon  (Malvern),  vole, 
series  nr.,  556-563  w.  maps  k  sect. 

Hkwitt,  J.  T.,  on  Nat.  (shw  at  Heath, 
field  Station  (Sussex),  572-573  w. 
chem.  anal. 

Heyst  (Belgium),  post-Glacial  beds 
nr.,  575-581  w.  lists  of  foss. 

Hktwood,  J.,  obituary  of,  IxviL 

Hicks,  H.,  on  Pleistoc.  deposits  nr. 
Hendon,  ii ;  addresses  to  Medallists 
k  recipients  of  Awards,  xxxix  et 
$egq. ;  obituaries  of  deceased  Fel- 
lows, etc.,  li-lxxviii ;  on  Evid.  of 
Antiq.  of  Man  furn.  by  Ossif. 
Caverns  in  Glaciated  Districts  of 
Britain,  Ixxviii-cii. 

High  Fen  Farm  (Upware),  Corallian 
at,  604  «/  8eqq. 

High-level  marine  drift  at  Colwyn 
&y,  582-584 ;  gravels  in  Berks  k 
Oxon,  585-600  figs,  k  pL  zxviii 
(map). 

Hildooeratidffi,  dominant  durg.  Har- 
poceratan  k  Ludwigian  Ages,  448, 
449;  notes  on  oert  genera,  457- 
459;  list  of  genera,  460. 


Hillaby,  Mt.  (Barbados),  rock-sucoes- 
sion  oomp.  w.  that  on  Bissex  Hill, 
548  fig.-549. 

HiNDK,  G.  J.,  exhibits  placer  gold- 
dust,  V  ;  on  Coralline  Crag  residues, 
322, 323  figs. ;  on  sedimentary  wash- 
ings f r.  Heyst,  576,  579-580 ;  on 
chert-pebble  fr.  Nettlebed,  586 ;  on 
sponges  fr.  Corall.  of  Upware,  617. 

Hoflewa  I.  (Rotuma),  9. 

HolasUr  altus,  notes  on,  246-250  k 
pi.  xxiv. 

Bidchoffi  comp.  w.  H,  altua,  247 

k  pi.  xxiv. 

suhghbosus  comp.   w.  H.  alius^ 

246  et  seqq. 

Holco^pongia  gloTnenUa  in  Corallian 
of  Upware,  617. 

Holooene  shells  fr.  Buckland,  exhib., 
ex. 

Hoioffraptus,  477,  478  (table  i). 

HoMR  Srcretart,  letter  aok.  Jubilee 
Address,  i. 

Homoeomorphy  of  scaphitoid  forms, 
456-457. 

Homotopsis  depressa,  22  k  pi.  i. 

Edwardsii^  21  k  pi.  i. 

Honiton  (Devon),  Turon.  k  Cenoman. 
outlier  nr.,  239-246  w.  map  k 
sect. 

Hornblende  in  Tremola  Schists,  366- 
367  fig. 

Hornblende-schist  in  Witwatersrand 
Series,  85 ;  bed-like  masses  in 
Tremola  Group,  368. 

Hospital  Hill  Series  of  S.  Transvaal, 
77-79. 

HudUstonia^  afiSnities  doubtful,  461. 

Hughes,  T.  McK.,  tee  Cartrb,  J.  (the 
late). 

Hunter,  Bev.  B.,  obituary  of,  Ivi. 

HuTCHiNOs,  W.  M.,  chem.  anaL  of 
chloritoid,  155. 

HUTTON  MS.,  X. 

Hj/bodus-tooih  in  Corallian  of  Upware, 

617. 
Hyperlioceras  WaUceri,  see  DareUia, 
Hypersthene-dolerite  of  Witwaters- 

berg,  91. 
*  Hypometamorpbic '  shales  of  LUn- 

fechell,  375. 
Hypoetrophy,  law  of»  467. 

Ice,  *  fossil,'  in  Franx  Josef  Land, 
640 ;  in  Spitsbei^gen,  223.  See  aieo 
Glaciation,  Glaciers,  etc, 

IoeHu*tion,  former,  in  Bagsbot  district, 
185  et  aeqq. ;  recent,  in  Spitsbergen, 
200-226  figs,  k  pis.  xiii-xix. 

Ice-breooia  in  Booming  Glacier,  206- 
207  fig. 
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loe-moTement,  northerly,  in  Davos 

area,  287-288. 
Iceland  baealts,  chem.  anaL  of,  647. 
Iken  (Suffolk),  tects.  k  borinn  betw. 

Boyton  and,  332 ;  Crag  in  Bulloek- 

yitfd  Pit.  338-341  figs. 
Implements,  ezfaib.,  or-cri ;   Palao- 

litbic,  fr.  Plateau-mTels,  291-300 

figs. ;  supposed,  in  high-leyel  grarels 

of  Berks  &  Oxon,  598. 
Indiana    TU.S.A.),    Petaloorinus    fr. 

Silur.  of,  402  et  seqg. 
Infiltration,  changes  prod,  in  strata 

by.  167. 
Infiltration-quartsite  of  Derbyshire, 

169. 
'Inland  ice-sheets'    in    Spitsbergen, 

200. 
Inn  Biyer  (Engadin),  279. 
Inoeeramua  (f)  f r.  Fnnx  Josef  Land, 

650&pLzxix. 
Inteiiglacial   periods,    erid.   for,    in 

Spitsbergen,  223. 
Intniglaciiu  material  in  Spitsbergen, 

2O0  et  seqg,,  221, 222 ;  striation  of, 

223 ;    moraines  formed  of,    209- 

210. 
Iowa  rU.S.A.).  Petaloorinus  fr.  Silur. 

of,  401  et  seqq. 
Iron  oxide  in  Tremola  Schists,  364. 
hastraa  expUmcUa'heaiA  at  Upware, 

602. 
laocardia  cor-beds  of  Belgium,  equiy. 

to,  but  differentiated   from,  Oor. 

Crag,  310,  343. 
iTory  Ghieier  (Spitsbergen),  203, 205, 

210,  225,  226  &  pis.  xir-xvi. 

Jackpond    Hill  (Chobham  Bidges), 

sect,  in  gravel-pit  desor.,  189-190. 
Jamibson,  T.  p.,  Murohison   Medal 

awarded  to,  xli. 
JxNNiNGs,  A.  v.,  on  Struct  of  Dayos 

Valley,  279-289  w.  map,  yiews,  & 

sects. 
Johannesburg  (Transvaal),  sect,  thro' 

Nigel  Mine  to  Magaliesberg.  descr. 

&  fig..  79  &  pi.  vi. 
J0NX8.  T.  B.,  on   Swaziland  stone- 

implemts.,  cy. 
JuDD.    J.  W.,   pres.   copies  of  W. 

Smith's  maps  (on  behalf  of  Sci.  A 

Art  Dept.),  lii ;  on  coral-reef  borings 

fr.  Funafuti,  oiii. 
JuKKS-BRowmi,  A.  J.,  on  Cenoman. 

&  Turon.  Outlier  nr.  Honiton,  239- 

246  w.  map  &  sect. ;  Note  on  Hot- 

aster  alius,  246-250  k  pL  xxiy ;  see 

also  Franks,  G.  F. 
'Jurassic'  time,  so-called,  groups,  of 

diys.  of,  442-462  w.  tables  i  &  ii ; 


Jurass.  rocks  of  Franz  Josef  Land, 
636;  foes.  fr.  same,  648-651  k 
pi.  xxix. 

Karoo  System  in  S.  Transvaal,  91- 

93. 
Karpinsky,  a.,    elected  For.  Coir., 

cvii. 
Eatdoornbosch     (Transvaal),    Black 

Beef  inlier  at,  86. 
Kbbpino,  H.,  eidiib.  specims.  fr.  Up- 
ware,  ex ;  quoted,  603  et  seqq. 
Kbndall,  p.  F.,  on  Crag-section  at 

Qomer,  ^34,  335. 
Kentish    plateau-gravels,    flint  -  im- 

plemts.  from,  291-300  figs. 
Keswick  district  (Comberhmd),  list  of 

chief  graptolite-locals.,  463. 
Keuper  at  Tuxford,  158,  159;  con- 

glom.  at  Newton  Nottage,301^SQ2. 
Keyham    Lake  (Devon),  submerged 

rook-valley  in,  266. 
Kilkenny    (Ireland),    dolomitiz.    of 

Carb.  Limest.  in,  399. 
Kiln  Point  (Lambay),  altered  limast. 

at,  136;  niicroac.  sect  of  conglom. 

from,  138;  horiz.  sect  to  Seal  Hde, 

137. 
Kiroberley  Series,  83,  84. 
Kimeridge  strata,  nat  gas  from,  at 

Heathfield,  564,  568. 
Kincardineshire,  occurr.  of  diloritoid 

in,  149-156  fig.  &  chem.  anaL 
KiHG,  C.  C,  obituary  of,  Ixxiv. 
King,  W.,  quoted,  581. 
Kingswear   (Devon),    evid.  of   sub- 
merged valley  at,  263. 
Klerksdorp     (Transvaal),     Potcdief- 

stroom,   k  Krugersdorp  districts, 

map  presented,  viii. 
KUpnversberg  Amygdaloid,  86. 
KcBTTUTZ,  B.,  on   QeoL   of   Franz 

Josef  Land,  620-645  figs. 
Kugoi  (Botuma),  6;  olivine-dolerite 

from,  10. 

Laccolites  of  Cutoh,  12-13. 
Lago  Tom,  see  Yal  Piora. 
Laing,  S.,  obituary  of,  Ixii. 
Laira  Biver  (Devon),  evid.  of  sab- 
merged  valley  in,  265. 
Lake  District  boulders  nr.  Mansfield, 

167. 
Lambay  I.  (Co.  Dublin^  Bala  Beds  ft 

assoc    igneous  rooks  of,  135-148 

figs,  k  pi.  ix  (map). 
Lancashire,  post-GIaoial  beds  of  Hejst 

comp.  w.  those  of,  580-581. 
Land-ice   vertms    sea-ice,   217-218 ; 

uplift  of,  219 ;  me  also  Glaoiation, 

Glaciers,  etc. 
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Landore  (Glsinorgan),  submerged 
Talley  at,  253. 

Landquart  BiTer  (Switzerland),  Gla- 
cial &  post-Glac  ohangee  in  yalley 
of,  279-289  w.  map,  yiews,  & 
sects. 

Landslip  (?)  nr.  Duokmanton  Tunnel, 
165,  168;  pre-Glacial,  at  LiUle 
Orme's  Head,  396. 

Landwasser  BiTer  (Switzerland), 
Glacial  &  poet^Glac  changes  in 
valley  of,  279-289  w.  map,  views, 
&  sects. 

Lane  End  (Bucks),  high-level  Pebble- 
gravel  at,  585, 586. 

Lan^ith  Junction  (Derby),  Magnes. 
Luneet.  nr.,  161. 

Lateral  branching  in  graptolites, 
477. 

Lava,  vesicular,  of  Botuma,  4,  5, 6, 9, 
10. 

Lbaf,  0.  J.,  obituary  of;  Ixvii. 

Leafield  (Chcon),  Quartzite-gravel  of, 
593. 

Lbbour,  G.  a.,  see  Woolacott,  D. 

Lenbam  Beds  of  £.  of  England,  308- 
320  w.  map,  351-356. 

Leptograptus  sp.,  516. 

Lias  nr.  Lincoln,  157. 

Library  &  Museum  Committee,  annua) 
report,  xii. 

Library,  lists  of  donors  to,  xiii. 

Liokey  Hills  (Worcester),  oalcitio  im- 
pregnat.  of  rhyolites,  563;  Quartzite- 
gravel  of,  594. 

Li^  (Belgium),  high-level  gravels 
nr.,589. 

Lignite  at  Heathfield,  568  et  aegq. ; 
ohem.  anal,  of  same,  572-573. 

Limestone,  quartzose,  of  Derbyshire, 
171  ^  seqg,  &  pLxii  (miorosc  sects.); 
its  intimate  assoo.  w.  quartz-ro^ 
ibid.,  180;  see  also  Carboniferous 
Limestone. 

Lincoln,  sects,  along  ry.  betw.  Ches- 
terfield and,  157-168  figs.  &  pi.  x. 

Idoceras  opaliniforme,  sp.  nov.,  458. 

apalinum,  458. 

LiparoeeraSt  448. 

LUhothamnium  in  reef-rocks  of  Bow- 

manston,  etc.,  547. 
Little  Stoke  (Ozon),  high-level  fiint- 
graTCl  of,  596. 

Llandeilo    age    of    Milbum    Beds, 

528. 
Llandudno(Caemarvon),Carb.Lime0t. 
of  country  around,  382-400  fi^, 
w.  map  &  list  of  foss. 
Llanfechell  Grits  (Anglesey),  374. 
Llanvim  age  of  Eller^  Beds,  52a 
Lloyo,  J.,  pres.  outline  geol.  maps,  vi. 

Q.  J.  G.  8.  No.  216. 


LoBLBT,  <r.  L.,  exhib.  specims.,  cvii ; 

see  Sau,  T.  B.  F. 
Lodes,    cupriferous,    at   Gt.    Orme*s 

Head,  383-384  w.  plan,  389. 
Lofley,    Cape    (Franz   Josef   Land), 

LoganograptuSj      generic     definition 

modified,  475-476. 
Logani,  476 ;  phylogeny  of,  538 

w.  table  iv. 
London  Clay,  junct.  w.  Cor.  Crag  in 

neighb.  of  Orford,  333,  336  et  seqq, 
Longwood  Creek  (Devon),  submerged 

vSley,  262-263  fig. 
Loeiol-Lbfort,  p.  db,  on   Hblaster 

alius,  etc.,  247-248. 
Louffhor     (Pembroke),      submerged 

valley  at,  25a 
Louvain    Sands,    conn.    w.  Lenham 

Beds,  314,  317. 
Lower    Calcareous   Grit,   correl.    w. 

Upware  Corallian  discussed,  614. 
Loxonema  polygyra  ret  to  Aclidna 

elongata,  bbk  pi.  iii. 
Ludlow,  Cape  (Franz  Josef  Land), 

632. 
Ludwigian  Age,  449-450  k  table  i. 
Lyell  Medal  k  Fund,  list  of  recipients. 


Mabell.  (Franz  Josef  Land),  basalts, 
etc  of,  630 ;  view  of  coast,  630. 

Maorura,  fossil,  of  England,  16-17  k 
pi.  L 

Madan,  H.  G.,  on  Ebbing  and  Flowing 
Well  at  Newton  Nottage  (Glamor- 
gan), 301-306  w.  chem.  anal,  k  dia- 
gram. 

Mafiri  caves  (Botuma),  7-9. 

Mafoa  crater  (Botuma),  4. 

Bfagaliesberg  k  Gatsrand  Series,  90- 
91. 

Biagmatic  differentiation,  original 
dutch  igneous  rocks,  12. 

Bfagnesian  Limestone  betw.  Warsop 
k  Bolsover,  160-162. 

Magnetite-beds  in  Hospital  Hill 
Series,  78. 

Main  Beef  Series,  deecr.  of  banket 
reefs,  81-86  w.  plan  k  sects. 

Maitland,  Sir  J.  B.  G.,  obituary  of, 
Irrii. 

Malvern  Hills,  vole,  series  nr.  Here- 
fordshire Beacon,  556-^563  w.  maps 
&seot. 

Man,  evid.  of  anti^.,  fum.  by  oesif. 
caverns  in  ^biciated  districts  of 
Britain,  Ixxviii-cii ;  '  Eolithio,'  his 
exiBtence  discussed,  291-300  figs, 
traces  of,  in  hiffh-level  gravels  of 
Berks  k  Ozon,  598. 
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Manganese  present  in  ohloritoid,  154. 
Mansfield     (NotU),     Lake    Durt^rict 

boulders  nr.,  167. 
Maps  presented,  ill,  it,  Tiii,  oiii,  ovi. 
Maplesoombe  (Kent),  flint-implemts. 

from,  295,  296  fig. 
Maboxrib,  E.  di,  elected  For.  CJorr.,  L 
Marine  ioe  &  its  action,  in  Spitsbergen, 

213-216 ;  drift,  higb-leTel,  at  Col- 

wyn  Bay,  582-584. 
MkRR,  J.  E.,  »t  Elles,  G.  L.,  &  Gab- 

DINKR,  J.  S. 

Marsh,  O.  C,  elected  For.  Mem.,  dx. 
Marsh  Clay,  equiv.  at  Heyst,  575. 
Martin,  E.  A.,  exhib.  flint  fr.  Thorn- 
ton Heath,  cvi. 
Mary     Harmsworth,    Cape    (Franz 

Josef    Land),    beach-terraces    of, 

632. 
Masson  Hill  (Derby),  qnartzoselimeet. 

of.  172  &  pL  xii  (microsc.  sects.). 
Mastkrman,  C.  E.,  exhib.  nat.  gas  fr. 

Sussex,  cix. 
Maypool  (Devon),  sect,  across  river 

at,  262. 
McFarlane,  G.,  well-section  at  Up- 
ware,  609. 
McNeill,  Bedford,  elected  Auditor, 

vi. 
Mediterranean  Pliocene,  fauna  comp. 

w.  that  of  Lenham,  31 1  e^  teqq, 
Merrill  Hill  (Herts),  Quartzose  Gravel 

of,  587,  589. 
Mesozoic,  purely  dironological  term, 

443. 
'  Metallization,*  use  of  term  proposed, 

100. 
Metamorphism  of  grits  &  shales  in 

N.  Anglesey,  374-^1  figs. 
Metasomatic  quartzite  of  Derbyshire, 

169. 
Meteorological  conditions  of  Botuma, 

9. 
MicretUoma,  gen.  nov.,  69. 

nana,  70  A,  pi.  v. 

'  Micrographic,'  substitution  of  term 

for  *  micropegmatitic'  proposed,  13. 
Micropegmatite  in  Cutch  rocks,  12. 
'  Micropegmatitic,'  abolition  of  term 

proposed,  13. 
Micropbikilitic  structure  in  Lambay 

andesites  &  porphyrite,  144,  145, 

146. 
Milber    Down     (Devon),     Bagshot 

graveb  of,  235. 
Milbum  Beds  =  Lower  Llandeilo  (?), 

528. 
Milford  Haven  (Pembroke),  evid.  of 

submerged  valleys  in,  251-253  figs.; 

Milfora  Docks,  sect,  desor.  k  &., 

252 


Millbay  (Devon),  evid.  of  submerged 
valley  in,  265. 

Miller,  W.  E.,  painter  of  Sir  J. 
Prestwich*s  portrait,  i. 

Millstone  Ghrit,  see  Purple  Sandstone. 

Mineralization  of  Witwatersrand  0(«- 
glom.,  81,  100. 

Miocene  fauna  comp.  w.  that  of  Len- 
ham, 311  et  segq.;  liioc.  age  of 
Oceanic  Series  (Barbados),  550. 

Mitchet  Lake  (Hants),  gravel  of,  192. 

Mithracia  Ubintoides,  31  &  pL  iL 

oblita,  sp.  nov.,  31  A  pi.  ii. 

Mithracites  vectengis,  32. 

MoNOKTON,  H.  W.,  on  Gravels  of  Bag- 
shot  District,  184-193  figs. 

Monkey  Hill  (Barbados),  outlier  of 
Oceanic  Beds,  543,  544. 

Monopftyllites  Clio,  not  an  ancestor  of 
PsUoceras  planorbis,  445. 

MooBB,  J.  C,  obituary  of,  Izxrii. 

Moorlands  Lane  (Derby).  quartz-rod[ 
of,  175-176. 

Moraines,  Swiss  type  of,  in  Spitsber- 
gen, 208;  mor.  formed  of  intra- 
glacial  material  ibid.,  209;  da  of 
redeposited  beach-material  Uni^ 
210 ;  sites  shown  on  map,  201. 

Moreton-in-the-Marsh  (GloucesterX 
Quartzite-gravel  of,  593 ;  scraper  (?) 
in  same,  598. 

Morphoceras  a  descendant  of  8pkar&- 
ceras,  455. 

MoREis,  T.,  obituary  of,  Izv. 

Morton,  (3-.  H.,  Carb.  Limest  of 
country  around  Llandndno,  382- 
399  figs.  w.  map  &  list  of  foss. 

Mosaic  of  quartz  &  felspar  in  N. 
Anglesey  schists,  377-381  figs. 

Moss  Bake  (Derby),  quartz-rook  of^ 
177, 178. 

Mud-films,  fossil,  iii. 

Murchison  Medal  &  Fund,  list  of  re- 
cipients, xzix. 

Mwrchimma,  see  Jdisoides. 

daltyensis  comp.  w.  JcHsaidet 

striatula,  68  &  pi.  v. 

Museum,  annual  report,  ziii. 

Mynydd  Meohell  (Anglesey),  Cbloritie 
Schists  of,  374,  380. 

Mynydd  Pentre  CLittle  Orme's  Head). 
Carb.  Limest.  of,  394,  395. 

Names  of  FeUows  in  arrear  read  out, 

cix,  ex. 
Nant-y-Cskunmer  (Little  Orme's  Head), 

Carb.  Limest.  of,  394. 
Narabo  Inlet  (Cornwall),  Bubmeiged 

rock-valley  in,  269-270. 
Natural  gas  in  B.  Susses,  564-674  w. 

chem.  anal. 
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Neale,  Oape  (Franz  Josef  Land), 
mammal,  remains  on  top  of,  632. 

Neath  (Glamorsan^,  Boulder  Clay 
nr.,  254 ;  Neau  Biver,  cTid.  of  sab- 
merged  Talleys  in,  254-255. 

Neerocarcinus  Beckei,  27  &  pi.  i. 

trieanmUus,  28. 

Woodwardu,  2Q  &  pi.  ii. 

Neojurassic,  442. 

Nephropa  Beedi,  sp.  noT.,  16  &  pL  L 

Neptunui  veetentia^  sp.  noT.,  33  &  pi.  iL 

Nettlebed  (Oxon),  highleTel  Pebble- 
graTel  of,  585,  586. 

New  Band  Mines  (Transvaal),  section 
thro'  Witwatersrand  Beds,  84,  85 

fig. 
New  South  Wales,  opaliaed    plesio- 

saurian  humerus  from,  exhib.,  cri 
NiWTOK,  £.  T.,  on  Pleistoc.  deposits 

at  Carshalton,  ii ;  reoeiTes  Murohi- 

son  Fund  award  for  liiss  J.  Donald, 

xliii,  zUt;    on    Fossils   fr.  Franz 

Josef  Land,  648-651  &  pi.  zxix. 
Newton     Abbot    (Devon),    Bagshot 

gravels  nr.,  236. 
Newton  Nottage  (Glaraorsan),  ebbing 

k  flowing;  well  at,  301-307  w.  ohem. 

anaL  k  diagram. 
Neyland  Pill  (Pembroke),  sect  desor. 

k  fig.,  251-252. 
Niagara  Limestone  of  Iowa  k  Indiana, 

Petalocrinus  from,  402  et  $eqq. 
Nigel    Mine    (TransraalV    sect    to 

Johannesburg,  desor.  k  fig.,  79  k 

pL  vi. 
Naggerathiopna  Hitiopi  fr.  Yereenig- 

ing.  93. 
Noroot  (Berks),  Quartzite-gravel  of, 

593;  flint-flake  (?)  in  same,  598. 
Norm  of  a  genus,  4()7. 
North  Saskatchewan  River  (Canada), 

aurif.  sand  from,  exhib.,  ciiL 
Northbrook  I.  (Franz  Josef  Land), 

geol.  feats,  of.  621-625. 
Noss  Creek  (DeTon),  submerged  valley 

in,263flg. 
Nottar  Creek  (Cornwall),  submerged 

rock-Tall^  in,  268. 


Obsidian,  devitnfied,  of  Herefordshire 
Beacon  area,  557,  559. 

Oceanic  Series  (Mioc.)  on  Bissex  HiB, 
541  et  teqq. 

(Eeoptyehuts,  evoL  of  spp.  discussed, 
456-457. 

Oflicers  elected,  xxiv. 

Ogilvib,  a.  G.,  obituary  of,  bdii. 

Oinafa  (Botuma),  raised-beach  forma- 
tions of,  5, 1 1. 

'  Old  brownies,'  see  Boliths. 


Old  Bed  Sandstone  in  Milford  Haven, 

252. 
Olddean  Common  (Surrey),  sarsen  in 

gravel-pit,  191. 
*  CMifanU  Elip  '=dolomite,  88. 
Oligocene  (?)  age  of   Scotland  Beds 

^hu^os),  550. 
Olivine-basalts  fr.' Botuma,  11. 
Olivine-dolerite  fr.  Kugoi,  10. 
Omphyma  cf .  turbinaium^  PetaXocrinus 

maqoT  referred  to,  403,  407. 
Opalized  humerus  of  Plesiosaurian, 

exhib.,  cvL 
Ophitic  olivine-dolerite  nr.  Bonsall, 

170. 
Oppelidffi,  period  of  dominance,  450 ; 

list  of  genera,  460. 
Orford  (Suflblk),  junct  betw.  Lond. 

CUy  k  Cor.  Crag  in  neighb.  of,  333, 

336e<«W. 
Orithopm  BonnetAy  29. 
Orme's   Head,    Great   (Caernarvon), 

Carb.  limest  of,  382-391  w.  map, 

chem.  anal.,  k  list  of  foss. ;  Little 

O.  H.,  Carb.  Limest.  of,  391-398 

w.  sect.,  chem.  anal.,  &  list  of  foss. 
Orthoceras  (fj  in  Quartsoee  Gravel  of 

College  Wood,  587. 
Ossiferous  caverns  in  glaciated  districts 

of  Britain,  fumishg.  evid.  of  antiq. 

of  man,  Ixxviii-cii. 
Ostracoda  fr.  Cardium-mnd  of  Heyst, 

578-579. 
Ottrelite  identified  w.  chloritoid,  150, 

153,154. 
Outline  geoL  maps,  pres.  by  J.  Lloyd, 

vi. 
Over  (Gloucester),  sect,  desor.  k  ^., 

260,  26L 
'  Overrolling '  motion  in  Spitsbergen 

glaciers,  203,  2a5. 
Overthrust-faulting  in  S.  Transvaal, 

96  et  seoQ'  figs. 
Oxford  Clay  nr.  Upware,  609,  610  w. 

list  of  foss. 
Oxfordian  age  of  Franz  Josef  Land 

faunas,  648  et  seqq. 
Oxfordshire,    high-level    gravels    of, 

585-600  figs,  k  pL  xxviii  (map). 
Oxlow  Bake  (Derl^r),  quarts-rock  of, 

na 

Oxygen,  high  percentage  in  nat  gas 

of  Heathfield,  566. 
Oxynotoceras,  evol.  of,  453. 
Ozystomata,  24. 


Pabo  (Little   Orme's   Head),    Carb. 

Limest  of,  397. 
PaUeocorystee  Normani,  24. 
Stokeeii,  24  k  pi.  i. 
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PalaDolithio  implements  fr.  Plateau- 

mTels,  291-300  figs. 
PaltopUuroceras,  nom.  noT.,  453. 
Panebourne  (Berks),  high-level  gra- 

veL*  nr.,  595.  597. 
Panopaa  Menardi-toue,  319,  320. 
Pant-y-Glo   (Anglesey),  metamorph. 

grits  &  shales  of,  375, 377-380  figs. 
Paper-shale,  bitumin.,  of  Franz  Josef 

Land,  632. 
Paraffin  in  Kimeridge  Clay,  etc.  of 
'  Sussex,  568. 
Parkivsok,  J.,   on    Pyromerides    of 

Boulay  Bay  (Jersey),  101-117  figs. 

&  pL  yii. 
Parkinsonian  Age,  450  &  table  i. 
Parys    (Or.    Free    State),    sect,    to 

Ckktsraud,  pi.  yi. 
Peat-beds  in  Swansea  Docks,  253 ;  in 

Severn  Tunnel,  etc.,  259 ;  at  &  nr. 

Gloucester,    261 ;    at  Heyst,  575, 

581 ;  in  Galway  Bay,  581. 
Pebble-gravel,  high-level,  of  Berks  & 

Oxon,  585 ;  Diestien  age  (?)  of,  599. 
Pebidian  grits  &  shales  in  N.  Angleeey, 

metamorph., 374-381  figs.;  Peb.  age 

of  Malvern  volo.  rocks,  556,  562. 
Peetunculvs  pilosus-zone,  319,  320. 
Penny  Hill  (Bagshot),  travel  of,  190. 
Fenryn  (Clomwall),  submerged  rook- 
valley  at,  270. 
Pentfwrinus  sp.,  ossicles  &  stem-joints 

in  Corall.  of  Upware,  604, 608  et  seqq. 
Perispkinctes  not  descended  fr.  Dae- 

tuiioceras^    448 ;    degenerative    fr. 

Ste^heoemu,  455. 
Permian  at  Olaxheugh,  14;  marls  k 

liment.  nr.  Warsop,  Scarcliff,  etc., 

160, 161  figs. ;  Perm,  dolomite  not 
'  comparable  w.  Carb.  do.,  4(X). 
PetalocrinidflB,  definition  of,  438. 
PetalocrinuSf    hisfx>ry,    relations,    & 

afilnities  of  genus,  401-441  figs,  k 

pis.  xxv-xxvi. 
anguBtuSf  sp.  nov.,  407,  425-426 

&  pi.  XXV. 

r —  ejcpanms,  sp.  nov.,  407,  484-436 

figs,  k  pi.  XXV. 

-; inferior,  sp.  nov.,  407,  426-427 

■fig.  &pl.  xxvi. 
ionffus,  sp.  nov.,  406,  431-434 

figs.  &  pi.  xxvi. 
fnirabilis,  401  fig.,  403-406  fig., 

427-431  &  pi.  xxvi. 
' vixbycensis,  sp.  nov.,  407,  421- 

424  figs.  &i)l.  XXV ;  (senior),  424- 

425  fig.  A  pf  XXV. 

—  major    referred    to    Omphytna 

turhituUum,  403,  407. 
Petroleum  in  Kimeridge  Clay,  etc.  of 

Sussex,  56(^-569. 


PhyllograptuM    anguttifoUtu,    496 ; 

phytogeny  of,  5&  k  table  iv. 

Anna,  494  fig. 

ilicifoliuB,    493  ;    var.   grandit 

nov.,  493  fig. 

typus,  494-496. 

PhyllograptUB-MSw  of  Sweden,  grap- 

tolites  oorrel.  w.  those  of  Skiddaw 

Slate^  525-530  w.  tables  ii  k  iii. 
Phylogeny  of  certain  ammonites,  445, 

447  et  sega.,  451-452  et  segq  ;  of 

Skiddaw  Slate  graptolites,  529-5S9 

k  table  iv. 
Pills  =  tidal  creeks,  251. 
Pindale  (Derby)  quartz-rock  k  limest. 

of,  176^-1 77  k  pi.  xii  (mioroec.  sects.). 
Piora,  see  Yal  Piora. 
PiPKJt,  G.  H.,  obituary  of,  Ixiv. 
Piper  Coal  (seam),  164. 
Pisolite  at  Upware,  604  et  seqq, 
Plagiolofhus  WethereUO,  40  A  pi  iL 
Plagiopkthalmus  oviformis,  21. 
Platberg     (Transvaal),    rhyolite  of, 

94. 
'  Plateau-gravel,'  definition  of  term, 

194 ;  Kentish  Palssolith.  implemts. 

from,  291-300  figs. 
Platycrinus,  not  comparable  w.  PetO' 

locrinv*,  438. 
Pleistocene  deposits  at  Carshalton,  ii ; 

older  do.  on  E.  side  of  England, 

xcvii;  shells  fr.  Buckland,  ofaib., 

ox ;    mammalia  at    Little   Orme't 

Head,  396 ;  Pleistoc  age  of  part  of 

Barbadian  0>ral-reef  &riee.  550. 
Plesiosaurian      humerus,      opalind, 

exhib.,  cvi. 
Pleuroceras,  see  Paliopleuroeeras. 
Pleurograptu9  vagans,  481. 
Pleurotomaria    serrUimba   comp.    w. 

Mierentoma  nana,  70. 
Pliocene  age  attrib.  to  Kent  plateau- 

rvels,  298,  299,  300 ;  depotiU  of 
England,  308-356  figs. ;  Plioc. 
age  of  part  of  Barbadian  Coral- 
reef  Series,  549-550. 

Plough  Glacier  (Spitsbergen),  stra- 
tified morainic  material  in,  205  k 
pL  xiii.' 

Plumtree  GhiUy  (Barbados),  oonl 
reef-rocks  at,  547. 

Plymouth  (Devon),  evid.  of  submerged 
vallevs  in  neighb.  of,  264. 

Podopuumnus  Fittoni,  42  &  pi.  ii. 

PoLLKH,  Rev.  G.  C.  H.,  ^cplor.  of 
Ty  Newydd  Caves,  TremeirohioD 
(N.  Wales),  119-132  figs.  &  pi.  viii 
(sect.). 

Pojvmorphide,  dominant  durs.  two 
Deroceratan  hemene,  448 ;  list  of 
genera,  461. 
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Polysoan  fauna,  no  e^id.  of  deep- 
water  oonds.  in  Orag,  344. 
Porphyrite,   coane,    of   Lambay    I., 

146-147  ;  of  Tinker's  HiU,  661. 
Fortunidtt,  33. 
Portunites  ineerta,  34. 
Po6t-CHadal  beds  exposed  in  cutting 

of  new  Bruges  Oanal,  575-581  w. 

lists  of  fose. 
Poet-Permian    ace    of    oone-in-oone 

struct  in  Goal  Measures,  196. 
Potohefstroom    (TransTaai),    altered 

basalt  from,  91. 
Pounder  Lane  (Derby),  quarts-rock  k 

limest  of,  174-175. 
Pre-Olaoia]  drift  in  Ty  Newydd  Oaves, 

122    et  seqq, ;    age  of    submerged 

rock-Talleys  in  S.  Wales,  DeTon,  k 

Cornwall,  276,   277;    landslip    at 

Little  Orme*B  Head,  396. 
Prestwich,  Ladt,  presents  portrait  of 

Sir  J.  Prestwich,  i. 
Pbestwich's  sone-theory  of  Cor.  Crag 

discussed,  308  et  seqq, 
'Primary,'   use  of  term  deprecated, 

99,100. 
Prior,  Q.  T.,  cbem.  anal,  of  dolomite, 

89. 
Productua  maraantaceus  abundant  at 

Gt.  Orme's  Head,  390. 
Promathildia  oomp.  w.  Aclisina,  50. 
I^endomurckiiaHia  comp.  w.  Micren- 

tofna,  69. 
Pnloceras  planorbis,  affinities  and  de- 
scent of,  445. 
Psiloceratidse,  list  of  senera,  461. 
Pterograpius  (7j  sp.,  482  fig. 
Purbeok  Beds  of  Sussex,  moUusca  of, 

567  ;  nat  eas  from  (?),  568,  574. 
Purple    Sandstone    (= Upper    Carb. 

lamest)  of  Yale  of  Olwyd.  398. 
P^tes  assoc  w.  gold  in  Wilwaters- 

rand  oonglom.,  80,  81. 
Pyromeridee  of  Boulay  Bay,  101-118 

figs.  &  pi.  TiL 
P^rroxenic  rocks,  'normal,'  limits  of 

Tariat  in  chem.  oompn.,  647. 


Quarts,  crystalline,  replaog.  limest., 
17^181 ;  thermal  orig.  of,  in 
Derbyshire  quarts- rocks,  etc,  181- 
182. 

Quarts-creeoents  in  pyroroerides  of 
Boulay  Bay,  106  et  aeqg, ;  other 
quarts-enoloeures  in  same,  116, 117 

Quarts-diabase  fr.  Yaal  BiTcr,  91. 
QuarU-felsite  fr.  S.  Transvaal,  76. 
Quarts-mosaic  in  N.  Anglesey  schists, 
371-381  figs. 


Quarts-pebbles  in  high-leTel  gravels 
of  Berks  &  Oxon,  589  et  seqq. 

Quarts-rock  in  O&rb.  Limest.  of  Derby- 
shire, 169-183  &  pis.  xi-xii  (map  k 
microec.  sects.). 

Quartsite  w.  fossil  mud-films,  iii; 
quartsites  {k  shales)  of  Hospital 
Hill  Series,  78;  of  Witwatersrand 
Series,  80 ;  of  Black  Beef  Series, 
86 ;  of  Magaliesberg  &  Chitsrand, 
90. 

Quartsite-gravel  of  Berks  k  Oxon, 
590;  its  relat  to  gravels  of  local 
orig.,  595  ;  flint-implemts.  in,  598 ; 
fluviat  orig.  (?)  of,  599. 

Quartsoee  Gravel  (high-level)  of  Berks 
k  Oxon,  587;  flint-flake  in,  598; 
marine  orig.  (?)  of,  599. 

Quebec  Group,  graptolite-fauna  comp. 
w.  that  of  SUddaw  Slates,  525-530 
w.  tables  ii  k  iii. 

Qussf ,  letter  ack.  Address  to,  i. 


Badiolarian  earths  in  Barbados,  540 
et  seqq, ;  chert  of  Cape  Gbrtrude, 
647. 

Ba^,  tee  Oorallian  of  Upware. 

Baised  beaches  in  Frans  Josef  Land, 
638-641  ;  in  Spitsbergen,  205  et 
M^.,  214 ;  in  Cornwall  newer  than 
stream-tin  gravels,  274-275. 

Bamsholt  (Suflblk),  Cor.  Crag,  of, 
324. 

Band  Victoria  boring  (Witwaters- 
rand), sect  descr.,  84. 

Rangi/er  tarandus,  antlers,  found  in 
raised-beach  (?)  deposits  of  Prans 
Josef  Land,  631. 

Banma,  generic  char,  of,  23. 

(Ranindla  t)  atava,  sp.  nov.,  24 

&  jpL  i. 

Banmoidea,  23. 

RiADB,  T.  M.,  on  Post-Glacial  Beds 
in  Cutting  of  new  Bruges  Canal, 
575-581  w.  lists  of  S)ss. ;  on 
High-level  Marine  Drift  at  Colwyn 
Bay,  582. 

Beading  (Berks),  high-level  gravels  of 
surroundff.  district,  58^-600  w. 
sects,  k  pL  xxviii  (map). 

Bed  Basement  Beds  (Carb.),  absent  in 
neighb.  of  Llandudno,  385. 

Bed  Crag,  sonal  division  of,  308, 309 ; 
B.  C.  at  Boyton,  333. 

Bed  Boad  (Chobham  Bidges),  sect., 
187. 

Bedonite,  oomp.  w.  phosphatised  tra- 
chyte of  Clipperton  Atoll,  231,  232. 

Rrkd,  F.  B.  C,  list  of  foes.  fr.  Lambay 
L,  13a 
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B«ef-rooks,  html,  of  BarbMlot,  540- 
560  w.  map  Sl  aeoU. ;  foram.  fr. 
Mune,  550-555. 

Bbqav,  W.  F.,  j>r«Mnti  plan  of  Wit- 
watersrand  Ooldfielda,  oiii. 

B^nald  KottliU  I.  (Phms  Jotrf 
Land),  eolumn.  banlt  of^  625. 

Rkid,  C,  on  Boc  DeposiU  of  Deron, 
234-286. 

Beiper  Glacier  (Spitsbergeo),  con- 
torted niorainic  material  in,  210  & 
pi.  xiii. 

Bcj>ton  (Derby),  Bunter  Conglom.  of, 

Bettronguet  Greek  (Gomwall),  sab- 
merged  rock-Tallej  in,  269. 
BcTereed  faolte  in  8.  TrantTaal,  63, 

96  et  teqq.  figs. 
Bbyrolds,  S.  H.,  k  C.  I.  Gardiumr, 

Bala  BedB&Anoc.  Igneous  Bocks 

of  Lambay  I.  (Go.  Dublin),  135-148 

fiffs.  &  pL  ix  (map). 
Rhabdotpira,  subgen.  noT.,  65b 

compaeta^  sp.  nOT.,  66  &  pL  t. 

Selinrkii,  sp.  nor.,  65  &  pL  ▼. 

Bhachiomma  huptnoaum^  35. 

Bhstic  betw.  HarbjA  Glifton,  157;  not 

eTerywbere  contemporaneous,  446. 
Ekinoceros  imiiquitattB  at  Garahalton, 

ii. 
Bhinoceros  -  molar     found     in     Ty 

Newjrdd  cave.  127,  129. 
Bbosbeirio  Shales  k  Ghrits  (Anglesey), 

374,  375  et  aeqq. 
RkuncktmeUa  Ouvieri,  lone  of,  241, 

^2,246. 
Bhyolites  of  S.  Transraal.  94. 
Bib-ounrature  as  a  generic  criterion 

in  Hildoceratidse,  &7. 
Biofathofen,  Gape  (Franc  Josef  Land), 

Jurass.  i^ant-remains  at,  650. 
Bock  Dundo  (Barbados),  radiolarian 

earth  at.  547. 
Book-Talleys,  submersed,  in  8.  Wales, 

Devon,  A  GomwalC  251-27a 
Bod -like  bodies  in  Gor.  Grag  residues, 

322-323  fig. 
Bose    Deep    Mine  (Witwatersrand), 

reversed  fault  in,  97  fig. 
Bose  Hill  Eiln(Ozon),  quartxite-gravel 

of,   591-593;    flint-scraper  (?)   in 

same,  596. 
Rotiformie  &  pre-rotiformie  hemene, 

ammonite- faunas  of,  444  445. 
Botuma  (F\ji  Is.),  geoL  of,  1-11  figs. 
Rouwlliaraptw,  477,  478  (table  i). 
'Budes,^  see  Eoliths. 
Bumleigh  (Devon),  Boulder  Glay  (?) 

at,  272. 
Btan,  S.,  Swaziland  implemts.  sent  by. 


Salcombe  estuary  (Devon),  prob.  sob- 

memd  valley  in  creeks  o!^  264. 
Saltash  Bridge  (Devon),  submerged 

rook-valley  at,  267. 
Saltbr,  a.  £.,  exhib.  pebble  fr.  Wod- 

mer  Green  gravels,  civ. 
Sam,  T.  B.  F.,  Grig,  of  Aurif.  Gon- 

gom.  of  Gold  Goast  Golony  [abs.], 

Sand,  calcareous,  fr.  Botuma  L,  11. 
Sarsens  in  Bagshot  district,  185  €t 

aeqq,  fiffs. ;  in  hiffh-level  gravels  of 

Berks  &  Oxon,  586  et  eeqq. 
Sassendal   (Spitsbergen),  sect,  along 

vaUey-floor  to  Agu<dh  Bay,  206. 
Satarua  crater  (Botuma),  4. 
Sawtbs,  a.  B.,  pres.  map  &  sects,  of 

Heidelberg  district  (Transvaal),  cvi. 
8caiairiaEkretibergH,b^. 
Scania  (Sweden),  rock-sucoesaion  in, 

525,  528,  530. 
Scaphitoid  forms,  homceoiiiorphy  of, 

Scardiff  (Notts),  sect  in  ry.-cuttg.,  161. 
Scarle  (Lines),  deep  boring  at,  167. 
Schists,  crystalline,  rare  in  S.  Trans- 
vaal, 76. 
Schizogmptut,  477,  478  (table  i). 

rs^tcK^us,  480. 

tardifuroatw,  sp.  nov.,  480-481 

fig. 
Scotch  Point  (Lambay),  vole  ashes  of, 

141. 
Scotland,    osrif.    caverns    in,    xovi ; 

Skiddaw  Slate  equivs.  in  S.  of,  528 

Sl  table  iii. 
Scotland  Beds  (?  Eoa)  on  Bissex  Hill, 

543s^s0^. 
Scott  KdUe  L  (Franz  Josef  LandX 

basalt  of,  625. 
Scrobiatlaria  ptperatorcHekj  at  Swansea, 

253;  in  new  Bruges  Ganal,  575, 

579-580,  581  w.  list  of  foram. 
Seal  Hole  (Lambay),  136, 138 ;  sect 

to  Eihi  Point,  137. 
Secondary  quarts  in  Witwatersrand 

Beds,  80.  98. 
Sbxlbt,  H.  G.,  exhib.  opalized  hume- 
rus of  Plesiosaurian,  cvi. 
Selenite  in  Franz  Josef  Land  shales, 

648. 
Seridte  deveL  in  Witwatersrand  con- 
glomerates, 98. 
<  Serpuke*  so-called,  in  Gorallian  of 

Upware,  603  et  eeqq,,  6ia 
Severn  Bridge-section  descr.  k  fig., 

259-260. 
Severn  Biver  (Gloucester),  evid.  of 

submersed  valleys  in,  257-261  figs. 
Severn    Tunnel-section   descr.,  257- 

259. 
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8iwARD,  A.  C,  on  PUnt-Bemains 
fr.  Karoo  Beds  of  Vereeniging, 
92-93. 
Shales  in  Heathfield  boring,  ohem. 
anal,  of,  572-573 ;  shales  &  grits, 
metamorphism  in  N.  Angksej, 
374-381  figs. 
Shearing  in  Spitsbergen  glaciers,  203 

et  aeqq. 
Shelve  (Shropshire),  Arenig  srapto- 
lites  oomp.  w.  those  of  Sliddaw 
SUtes,  table  u  (52^-527). 
SuKEBORN.  C.  D.,  reports  on  GeoL 

Soo.  Museum,  xiii. 
Sherwood     Forest    (Notts),    water- 

bearg.  New  Bed  of,  167. 
Shillet  »  (locally)    Deronian    shale, 

262. 
Shore^ieposits,  contorted  by  marine 

ice,  213-214. 
Shore-ndges  in  Spitsbergen,  214-215. 
Shrubsolx,    O.  a.,    on    High-lerel 

Gravels  in  Berks  &  Oxon,  585-600 

figs.  &  pL  xxTiii  (map). 
Shrubsolb,  W.  H.,  award  fr.  Ljell 

Fund  to,  xlyiii. 
SigUlaria  Brardi  (IJ  fr.  Vereeniging, 

93. 
Siliceous  limestone  of  Bake  well  dif- 
ferentiated fr.  quartz-rock,  etc  nr. 

Bonsall,  179. 
Silicification,  widespread  erid.  of,  in 

Franz  Josef  Laad  rocks,  647. 
Silicified     wood    fr.     Franz     Josef 

Land,  636, 647. 
Silurian  of  Gotland  &  N.  America, 

PetalocrinuM  from,  401-441  figs,  k 

pis.  xxT-xxri. 
Sinemurian,     stratigr.     equiraL     of 

Asteroceratan,  447,  448. 
Sizewell  Rocks  (Suffolk),  section  to 

Sutton,  328. 
Skerry = thinly-bedded    marly  sand- 
stones, 158. 
Skiddaw   Slates,  graptolite-fauna  of, 

463-539  w.  tables  i-ir. 
'Sleekers,'  flint-implemts.  analogous 

to,  299. 
Snelsmore  Oommon  (Berks),  section 

deicr.,  191. 
Soil-cap  movement  as  a  transporting 

agent,  193. 
Somaliland    (B.    Africa),    implemts. 

from,  exhib.,  cri. 
Sonninian  Age,  453  &  table  i. 
Sororua  crater  (Botuma),  6,  9. 
Soundings  off  Franz  Josef  Land,  644. 
Southern  Drift  of  Kent  plateau,  291 

€tseqq, 
Sphttrooeras,  ancestor  of  Morpkoeeras, 

465. 


Spitsbergen,  glacial  geol.  of,  197-227 

figs.  w.  map.  &  pis.  xiii-zix. 
Sponse-cbert    in    Nettlebed    gravel, 

Sponge-beds  of   Faringdon,   pebbles 

in,  590. 
Sponge-spicules  in    Marsh    Glay  & 

Scrobicularia-ciAj  of   Heyst,  576, 

579. 
St    Austell    (Cornwall),    submerged 

rock-vallevs  nr.,  269. 
St.  David's  (Pembroke),  Arenig  mp- 

tolites  oomp.  w.  those  of  Skiddaw 

Slates,  Uble  ii  (526-527). 
St  Germans  Biver  (Cornwall),  sub- 
merged rock-valley  in,  268. 
St    Gothard    Pass    ^Switzerland), 

gamet-actinolite  schists  on  S.  side 

of,  357-373  figs. 
St    Ives   (Hunts),    Elsworth    Bock 

oomp.   w.  that    of  Upware,  611, 

614. 
Starashchin  Bidge  (Spitsbergen),  197 

&  pi.  xix. 
Staurolite  in  Tremola  Schists,  365. 
Strbbiito,  W.  p.  D.,  exhib.  specims., 

ciii. 
Strktstrup,  J.  J.  S.,  obituary  of,  liv. 
Stem  in  Petalocrinus^  420. 
8tephanocera»^  see  Stepheoceras. 
Stephen,  Cape  (Franz  Josef  Land), 

raised  beaches,  etc.  of,  631. 
Stepheoceras,  noro.  nov.,  generic  cha- 
racters &  evolution  of,  454-455. 
StepheooeratidA,  list  of  genera,  461. 
Stepheoceratidan   Epoch,  450-451  k 

table  i. 
Sticky  Keep  (Spitsbergen),  boulder- 
deposit  on,  227. 
Stonehouse  Pool  (Devon),  submerged 

rock-valley  in,  266. 
Storbt,  B.,  quoted,  395. 
Straham,  a.,  receives  Wollaston  Fund 

award  for  B.  J.  Garwood,  xL 
Streams,  upon  and  under  Spitsbergen 

glaciers,  21 1. 
Stream-tin  gravels,  age  of,  discussed, 

274-275,277-278. 
Streatlev    Hill    (Berks),    Quartzite- 

gravel  of,  593. 
Striated  (?)  flint-implemts.,  296. 
Striation,  etc.  of  rocks  bj  marine  ice, 

215. 
SMffocenUt  evolution  of,  460. 
Submerged  rock-valleys  in  S.  Wales, 

Devon,  &  Cornwall,  251-278  figs. 
Subsidence  towards  close  of  Glacial 

Period,  Ixxxi. 
Sudboume  Paris  (Suffolk),  borings  in 
Crag,  337-338 ;   *  Blue  Crag '^  at, 
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Sussex  (E.)t  nat.  gas  in,  564-574  w. 

ohem.  anal. 
Sutton,  R,  chem.  anal,  of  Cor.  Crag, 

322. 
Sutton,  W.  L.,  cbem.  anal,  of  Cor. 

Crag,  etc.,  322.  323. 
Sutton  (Suffolk),  Ck)r.  Crag,  of,  320, 

324-325,  329  fig. ;  sect  to  Sizewell 

Bocks,  328. 
Sutton  Barton  (DeTon),  quarries  in 

Lr.  &   Middle  Chalk  at,  239    ei 

aeqq. ;  well  at,  245. 
Swallow-holes  in  dolomite-format,  of 

S.  Transvaal,  88. 
Swansea    Bocks    (Glamorgan),    sub- 
merged valley  at,  253. 
Swaziland    (S.    Africa),     implemts. 

from,  exhib.,  cv,  cvi. 
Sweden,   graptolite-fauna    oomp.    w. 

that  of  Skiddaw  Slates,  525-530  w. 

tables  ii  &  iii. 
Syenite-dykes  in  dolomite,  89. 


Tabuteau,  a.  O.,  obituary  of,  hdii. 
Talargoch  Mine  (Denbigh),  sections 

descr.,  Ixxii. 
Talbot's  Bay  (Lambay),  altered  slates 

in,  136. 
Tamar  Biver  (Devon),  evid.  of  sub- 
merged valley  in,  267. 
Tamerton  Lake  (Devon),  submerged 

rock-valley  in,  266. 
Tate,  T.,  obituary  of,  Iviii. 
Tattingstone  (Suffolk),  Cor.  Crag  at, 

320. 
Tavy  River  (Devon),   evid.  of  sub- 
merged valleys  in,  266  fig. 
Tawe   Biver  (Glamorgan),  evid.   of 

submerged  valleys  in,  253-255. 
Taxites  (T)   fr.  Franz    Josef   Land, 

651. 
Teall,  J.  J.  H.,  receives  Wollaston 

Medal  for    F.  Zirkel,  xxxix;    on 

Phosphatized    Trachyte   fr.    Clip- 

perton   Atoll,   230-232  w.    chem. 

anal.  &  pi.  xxiii  (mioroeo.  sects.) ; 

on  Bocks   fr.  Franz  Josef  Land, 

646. 
Tegmen    in    Petalocrinus,  409    fig.- 

410. 
Temnograptus,  477,  478  (table  i). 

multiplex,  477,  479  fig. 

Terebratula  grandis-tonef  sec   Dies- 

tien. 
^^  maxUlata  used  as  a  hemeral 

designator,  table  i  facg.  450. 
Terd>mtylina  gracilis,  zone  of,  241, 

242,246. 
TetragraptusBigfbyi,4S>^^W\  grap- 

tol.  derived  from.  533-^534. 


Tetragraptus  cntctfer,  488  fig. 

fruticoaus,  absent  in  Skiddaw 

Slates,  467;  comp.  w.  T.  pendens 
&  T.  Postletkwaiin,  491,  492; 
phylogeny  of,  533  &  table  iv. 

Headi,  486-487  fig. ;  phylogeny 

of,  538  &  table  iv. 

inosculans,  idait.  w.  T,  Bigsbyi, 

489. 

pendens,  sp.  nov.,  491  fig.-492 ; 

phylogeny  of,  632. 

phylwgraptoides,  interm.  betw. 

T.  Bigsbyi  &  PhyOograptua,  46^ 
490,534. 

PostleihtDoitii,  sp.  nov.,  492  fig.- 

493;  phylogeny  of,  533. 

quadribrachiatus,  485-486 ;  phy- 
logeny of,  538. 

serra,  490-491;  phylogeny  of; 

538  k  table  iv. 

Thames  Valley  gravels,  fiuviat.  on%. 
of,  184. 

ThamnastriBti'TocV  at  Upware,  602. 

Thamnograptus  Doveri,  524. 

ThecosmUia  annularis  in  Coralliaa  of 
Upware.  608,  611. 

Thermal  orig.  of  silica  in  Derbyshire 
quartz-rock.  181,  182. 

Thomas,  H.  H.,  well-section  at  Up- 
ware,  609. 

Thornton  Heath  (Surrey),  flint  from, 
exhib.,  cvi. 

Thyraopteris  (IJ  fr.  Franz  Josef  Land, 

Tidal  waves  in  sea  &  Newton  Cot- 
tage well  compared,  304  diagr. 
Tilehurst  (Berks),  Quartzite-gravel  of, 

593. 
Time-divisions,  so-called    'Jurassic,* 

442-462  w.  tables  i  k  ii. 
'  Tin-ground '  nr.  St.  Austell   &  in 

Falmouth  estuary,  269,  270;  me 

also  Stream-tin. 
Tinker's  Hill  (Bialvem),  felsite,  ande- 

sites,  etc.  of,  559-561. 
Tivy  Biver  (Pembroke),  evid.  of  sub- 

mei^ged  valley  in,  253. 
Toarcian,8tratigraph.  equival.  of  Har- 

poceratan,  449. 
Todtalp  (Switzerland),  a  serpentine 

mass,  283. 
•Top  Lift'  (Derby),  quartz-rock,  170- 

171  &  pi.  xii  (mioroec  sect.). 
Trachynotus  sulcatus,  33. 
Trachyte,    phosphatized,    fr.    Clip- 

perton  AtoU,  528-229,  230-283  w. 

chem.  anal.  &  pis.  xx-xxiii. 
Transmarine  passage  of  glaoien,  218. 
Transportation  of  matenal  by  marine 

ice.  213. 
Transvaal  (S.  Africa),  geoL  al  Wit- 
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watenrand  &  other  districts  in,  73- 
100  figs.  &  pL  yi  ^msp  k  leots.). 

Tremadoc  Beds,  equir.  to  Lr.  Skiddaw 
Slates,  525.  580. 

Tremeirohioii,  see  Ty  Newydd. 

Tremola  Schists,  857-373  figs. 

Trent  Yalley,  sect,  across  alltmum 
of^  pi.  X ;  noms  of  red  deer  found 
in  same,  158. 

Triassic  Period,  date  of  dose  dis- 
cussed, 444-447. 

TViekoffrapeuafroffiUs,  476-477. 

Trigimograptue   eneVormis,  523-524 

loHceolaiuB,  524. 

TroehooraptuB,  477,  478  (taUe  i). 

dijfusiu,  479-480  k  pL  mrii. 

Trust    Funds,  statement  of^  xzzri- 

zzxni. 
Trwyn-y-Fuwch  (Little  Onne*s  Head), 

Tuffs  in  Lambaj  I.,  141 ;  of  Here- 
fordshire Beacon  area,  559,  561. 

Tupton  Coal  (seam),  164. 

Turner^s  Court  (Berks),  sect  in  mTel- 
pitat,596;  flint*implemts.(?)fM({., 
598. 

Turonian  &  Cenoman.  outlier  nr. 
Honiton,  289-246  w.  map  k  sect. 

TurritellidsB,  48. 

Tnzford  (Notts),  well-sect,  descr.,  159. 

Tween  Bocks,  see  Cooke's  Bocks. 

Ty  Newydd  Oayee  (Flint),  erid.  of 
antiq.  of  man  fum.  t^,  Izizix; 
exploration  of^  119-134  k  pL  riii 
(sect). 

l^pe,  use  of  term  defined,  405. 

Ilea  I.  (Botuma),  role  ash,  eta  of,  9L 
Uitkyk  (S.  Transvaal),  quartz-felsite 

of,  76. 
XJmhilication  in  Stepheoceras^  454. 
Uptonia,  gen.  noT.,  453. 
llpware  (Csmbs.),  Corallian  of;  601- 

618  w.  map. 

Yal  Canaria  (St  Qothard),  Tremola 

Schists  of,  359. 
Yal   Piora   (St.  6K>thard),  Tremola 

Schists  of,  360-363. 
Valleys,   submerged,    in   8.    Wales^ 
^  Deron,  k  Cornwall,  251-278  fin, ; 

valley  at  Davos,  struct,  of,  279-282 

w.  map,  vievrs,  k  sects. 
Valuation  of  property  (Geol.  Soc), 
^^xxxriii. 

Vauohah,  T.  W.,  xiii. 
Venterskroon  (Transvaal),  Witwaters- 

rand  Beds  at,  80. 
Vereeniging     (Transvaal),    sect    in 

Q.  J.  G.  S.  No.  216. 


Karoo  Beds  descr.,  92;  plant- 
remains  fr.  same,  92-93. 

VermiUa  euhata  at  XJpware,  618. 

Vesicular  andesites  of  S.  Transvaal, 
94;  of  Lambay  I.,  144  fig.;  of 
Tinker's  Hill,  559. 

Victoria  Cave  (Settle),  evid.  of  antiq. 
of  man  fum.  by,  xov. 

Vidfrey  (Iceland)  basalt,  chem.  anaL 
of.  647. 

VoBLCKJU,  A.,  diem.  anaL  of  Neirton 
Nottoge  well-water,  306. 

Volcanic  ash-rocks  of  Botuma,  6,  7, 
11;  rocks  in  &  Transvaal,  91, 
94;  <volc'  drift  nr.  Mansfield, 
167 ;  vola  series  nr.  Herefordshire 
Beacon,  556-563  w.  maps  k  sect 


Waagin,  W.,  lyell  Medal  awarded 

to,  xlv. 
Wad  on  surf,  of  Transvaal  dolomite, 

88. 
Wa^nrode  (Belgium),  Diestien  fauna 

of,  319. 
Wales  (North),  evid.  as  to  antiq.  of 

man  turn,  by  ossif.  caverns  in,  Ixxix ; 

me  also  Ty  Newydd  ^  other  place- 


Wales  (South),  submerged  rock-valleys 

in,  251-261  figs.,  270-278 ;  Skiddaw 

Slate  equivs.  in,  528  k  taUe  iii ; 

see  also  ICilford  Haven   4'   ol^ 

plaee-names, 
Wallingford     (Berks),      high-level 

gravels  nr.,  595  et  seqg, 
War^p  Colliery  Junction  (Notts), 

sect,  160. 
Water-bearing  N.  B.  S.  of  Sherwood 

Forest,  167. 
Wateriiead  <>eek  (DcTon),  submerged 

valley  in,  263. 
Watts,  W.  W.,  on  Pleistoo.  deposits 

at  Carshalton,  ii ;    elected  Sec, 

xxiv. 
Wealden    Beds,    lignites   k   bitum. 

matter  in,  568. 
Wbdd,  C.  B.,  on  Corallian  Bocks  of 

Upware,  601-618  w.  map. 
Well,  ebbinjK  k  flowing,  at  Nevrton 

Nottage,  301-307  w.  chem.  anaL  k 

diagr. 
WiLLER,  S.,  quoted,  401,  402  et  segg. 
Wellington  College  (Berks),  sarsens 

found  at,  187. 
Wemmer     Dyke     (Witwatertrand), 

descr.,  85. 
Wenlock   Shale,   nr.   Little  Orme's 

Head,  398. 
Weet   Yoke   (Kent),  flint-implemts. 

from,  293. 

3b 
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WttUeton  Beds,  oorreL  w.  Hddon 

grayeli  ditooand,  237;   lO-otUed, 

in  Berkt,  Ozon,  eto.,  58d. 
Weston   Mill  Or««k   (Deron),  tab- 
merged  roek-T«lleT  in,  266. 
WBABToif,  Sir  W.  J.,  on  Clipperton 

AtoU  (N.  PftoUio),  228-229  &  pU. 

xz-xzii  (map  k  i^otogr.  Tiewt). 
Whitaekb,  W.,  on  Pleistoo.  deMwta 

at   Ckrtbalton,  ii;  elected   Free., 

zziT ;  aee  aim  Hiwnr,  J.  T. 
<Whitakert'  =  (locally)  white  spar, 

271. 
White  Limeetone,  Middle  (Garb.)  of 

Ck.    Orme*a   Head,   388-390;    of 

Little  Orme*t  Head,  394-396  w. 

ohem.  anaL 
Widworthy     ( Devon),     Oenom.    k 

Turon.  outlier.  239-246  w.  map, 

aeot.,  &  lilt  of  foaa. 
WiLLvrr,  H.,  quoted,  06a 
Wilmington    (Deron),     Oenom.     & 

Turon.  nr.,  242  et  teqq. ;   liat  of 

Oenom.     foaa.    from,     244-245 : 

HoUuter  aUu»  from,  247  et  mqq.  k 

pi.  xziT. 
Wmdaor  ^de  (Oamberiey),  aeot.  in 

gravel-pit,  190. 
Wudward  I.  (Frans  Joaef   Land), 

column,    baaalt    of,    629 ;    diagr. 

aketch  of  surf,  of,  628  fig. 
WmAy  Oully    (Frans  Joaef  Land), 

foaa.  from,  649  k  pi.  xxiz. 
WimujEB,  T.  0..  obituary  of,  It. 
Witpoortje  Break  (=fault)  in  Wit- 

waterarand  Seriea,  81. 
Witwateraberg    (Tranaraal),    hyper- 

atbene-dolerite  fr.,  91. 
Witwaterarand  (Tranaraal),  plan  of 

5oldflelda  preaented,  ciii ;  geol.  of, 
3-99  flga.  k  pi.  yi  (map  k  aects.) ; 

aurif.  conglom.  correL  w.  thoae  of 

Gold  Ooaat,  290. 
Witwaterarand  Ml^  79-86  flga. 
Witwaterarand  Mine  (Tranaraal),  re- 

▼eraed  fimlt  in,  96  fig. 
Wireliaoombe  Lake  (Uomwall),  aub- 

merged  rook-TalleT  in,  268. 
Wolborough  (Deron),  Bagahot  gravela 

of,  236. 


WoUaaton  Medalliats,  liat  of,  xziiL 
WoUaaton  Fund,  liat  of  redpienta, 

zxriii* 
Wonderfontein  (8.  Tranaraal),  ajeoite- 

dykea  nr.,  89. 
Wood,  ailioifled,  fr.  Frans  Joaef  Land, 

636,647. 
Woodoote  (Ozon),  Goring  Gap  GraTel 

at,  586. 
WooDHBAB,  S.  A.,  ohem.  anaL  of  nat 

gaa.56a 
Woods,  H.,  award  fr.  Lyell  Fund  to, 

xlfii ;  on  rooka  fr.  Botoma,  10-11 ; 

tee  alao  Oastbr,  J. 
WooDWABD,  H.  B.,  on  i^uartsite  w. 

day    fr.    Onodeth,    iii  ;    reodfea 

Murohiaon  Medal  for  T.  F.  Jamie- 

aon,  zli,  xlii 
WooLAOorr,  D.,  Explan.  of  Olaxbeugfa 

aecUon,  Oo.  Durham  [aba.],  14. 
Woolmer  Green  (Herts),  pebble  fr. 

Gladal  ffravela  of,  exhib.,  dr. 
Wrioht,  JT,  on  foram.  fr.  poatrGladal 

Beds  of  Heyit,  576-578,  580. 
Wrockwardine    (Shropahir«),    pyro- 

meridea  comp.  w.  thoae  of  Boulay 

Bay,  113  fig. 
Wye    BiTer  (Monmouth),    erid.   of 

aubmerged    Talleya    in,    255-257, 

258  flga. 

XantkUUea  Bowerhankii,  41. 
XantMopais,  generic  char,  of,  39. 

bupinoaa^  40. 

Leaekii,  40. 

Xanthoeia  gOfboea^  2fl, 

fframuloea,  37  &  pL  ii. 

eimiUe,  38  A  pL  iL 

Yorkshire  Oolitea  comp.  w.  Oorallian 

of  Upware,  614  et  eajq, 
Yukon    (N.W.   Oanada),    gold-dnat 

from,  V. 

Zeolitea  in  Frans  Joaef  Land  rooks, 

647. 
ZiRKBL,  F.,  WoUaaton  Medal  awarded 

to,  zzzix. 
Zone-theory  of  Oor.  Orag  diacuaaed, 

aOSeteeqq. 
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GEOLOGICAL    SOCIETY    OF    LONDON. 


SESSION     1897-98. 

November  3rd,  1897. 
Dr.  Hbkbt  Hicks,  F.B.S.,  President,  in  the  Chair 

Capt.  the  Hon.  William  Grimston,  K.N.,  Sopwell,  St.  Alban's, 
was  elected  a  Fellow ;  Dr.  Oscar  Fraas,  of  Stuttgart ;  M.  Louis 
Dollo,  of  Brussels ;  and  M.  Emmanuel  de  Margerie,  of  Paris,  were 
elected  Foreign  Correspondents  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  Pbbsibent  read  the  following  letter,  receiyed  from  the 
Secretary  of  State  for  the  Home  Department,  in  acknowledgment 
of  the  congratulatory  address  submitted  to  Her  Majesty  the  Queen, 
on  the  occasion  of  the  Sixtieth  Anniversary  of  her  Accession,  by  the 
President,  Council,  and  Fellows  of  the  Society : — 

Whitehall,  15th  July,  1897. 

G-KIfTLKMlN, — 

I  hsTe  had  the  honoar  to  lay  before  the  Queen  the  loyal  and  dutiful 
Address  of  the  President,  Council,  and  Fdlows  of  the  Geological  Society 
of  London,  on  the  occasion  of  Her  Majesty  attaining  the  Sixtieth  Year  of 
Her  Beign,  and  I  hare  to  inform  you  that  Her  Majesty  was  pleased  to  receive 
the  same  Tery  graciously. 

I  hare  the  honour  to  be. 

Your  obedient  Serrant, 
n^  Seeretaries  M.  W.  Bidlbx. 

<^  the  Geological  Society 
of  London. 

The  Sbchstabt  announced  that  Lady  Prbstwich  had  presented  to 
the  Society  a  half-length  portrait  in  oils  of  the  late  Sir  Joseph 
Preetwich,  painted  by  Mr.  W.  E.  MiUer. 

TOL.  LIT.  a 
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Mr.  W.  W.  Watts  proceeded  to  give  details  of  some  interesting 
geological  features  recently  exposed  at  the  new  Sewerage  Works  at 
Carshalton,  Surrey,  now  being  made  by  the  Urban  District  Council, 
to  which  the  attention  of  the  Society  had  been  directed  by  the 
Surveyor  during  the  autumn  recess. 

These  excavations  are  situated  at  a  spot  which  on  the  Geological 
Survey  map  is  coloured  as  London  Clay ;  and  the  features  of  the 
ground  fuUy  justified  this  colouring.  The  excavations,  however, 
have  shown  that  there  are  loamy  and  sandy  beds  of  a  light  yellow 
colour,  some  14  or  15  feet  in  thickness,  and  apparently  occupying 
a  hollow  in  the  London  Clay.  At  the  base  these  sandy  beds 
become  dark  and  clayey  in  some  places,  and  include  flints  and 
pebbles,  while  below  this  is  the  London  Clay.  In  the  dark  pebbly 
layer  were  found  a  large  skull,  a  piece  of  a  tusk,  and  a  number  of 
smaller  bones,  which  Mr.  E.  T.  Newton  has  determined  to  be  a 
piece  of  elephant-tusk,  the  skuU  (31  inches  long)  of  Bhinoeeroe 
antiquitatis  with  some  of  its  limb-bones ;  while  the  smaller  bones 
represent  two  or  perhaps  three  horses.  Although  the  teeth  of  the 
rhinoceros  are  wanting,  the  skull  is  otherwise  very  perfect ;  and, 
bearing  this  in  mind,  as  well  as  the  fact  that  certain  of  the  limb- 
bones  were  also  found,  and  that  ElepTuu  is  represented  by  the  tusk, 
and  all  three  (it  is  said)  at  a  depth  of  14  or  15  feet,  little  room  is 
left  for  doubting  that  we  have  here  at  Carshalton  a  Pleistocene 
deposit  of  a  somewhat  unusual  character  and  at  a  spot  where  it  was 
not  before  suspected. 

Mr.  Whitakek,  who  was  responsible  for  the  geological  mapping 
of  this  area,  pointed  out  how  the  general  config^ation  of  the 
district  gave  no  clue  to  the  presence  of  this  deposit  of  loamy  sand, 
which  occurred  on  a  gentle  slope,  and  that  even  now  it  was  only 
possible  to  mark  it  on  the  map  as  an  oval  patch  round  the  exca- 
vations with  uncertain  boundaries.  The  Drift  shown,  moreover, 
differs  from  that  of  the  neighbourhood  in  that  the  latter  is  essentially 
gravel,  while  the  former  is  sand,  with  loamy  beds,  but,  as  a  rule, 
not  stony,  so  that  there  are  no  surface-indications  of  gravel. 

The  mammalian  remains  are  now  preserved  in  the  Museum  of 
Practical  Geology,  through  the  kindness  of  the  District  Council. 

Lieut.-Gen.  McMahon,  y.P.G.S.,  having  taken  the  Chair,  the 
Prebidbnt  made  a  communication  regarding  deposits  in  North- 
western Middlesex  very  similar  to  those  above  described.  Some 
years  ago  he  described  sections  in  Glacial  Drift  on  the  Hendon 
plateau,  exposed  during  sewerage-operations.  More  recently  the 
sewers  have  been  carried  on  at  lower  levels  between  Hendon  and 
Edgware ;  and  numerous  remains  of  mammoth  and  rhinoceros  have 
been  found,  resting  on  an  eroded  surface  of  London  Clay,  and 
covered  over  by  about  7  feet  of  stratified  sands-and-gravels  and 
brickearth.  These  deposits  were  found  to  spread  out  for  considerable 
distances  over  the  plain,  and  to  be  cut  through  also  by  the  Silke 
stream,  a  tributary  of  the  Brent.  This  area  has  hitberto  been 
supposed  to  consist  almost  entirely  of  London  Clay,  but  the  sections 


Digitized  by 


Google 


Vol.  54.]  PBOCBKDINGB  OP  THE  GEOLOGICAL  80C1BTT.  iii 

have  DOW  shown  that  the  hrickearth  which,  in  many  respects, 
simulates  the  London  day,  is  underlain  hy  deposits  which  must  he 
classed  as  of  Pleistocene  age. 

The  Pkestdent  then  resumed  the  Chair,  and  Mr,  H.  B.  Woodward 
called  attention  to  a  hlock  of  quartzite  from  Criccieth  (Caernarvon- 
shire) which  had  been  sent  for  exhibition  by  Mr.  G.  J.  Day.  The 
rock  contained  a  band  of  disrupted  clayey  material  which  presented 
on  the  surface  of  the  block  a  rude  resemblance  to  hieroglyphics. 
He  thought  that  this  curious  structure  had  been  produced  on  a 
sea-shore  bounded  by  clay-cliffs,  where  a  film  of  mud  had  been 
spread  over  the  sands ;  and  that  the  mud  had  dried  and  curled  up 
before  other  layers  of  sand  had  been  accumulated  on  the  top  of  it. 
Similar  phenomena  might  be  produced  at  the  present  day  on  the 
Cromer  coast,  where  thin  films  of  mud  were  in  places  spread  over  the 
sands  of  the  sea-shore.  It  had  been  suggested  that  the  appearances  in 
the  Criccieth  stone  might  have  been  produced  in  the  original  deposit, 
during  the  irr^ular  solidification  of  the  sand  and  its  included  layer 
of  mud.  The  rock  itself  was  regarded  by  the  President  as  probably 
derived  from  the  Harlech  Grits,  in  which  he  had  observed  somewhat 
similar  features. 

Mr.  Bauebman,  as  one  of  the  three  Delegates  appointed  by  the 
Council  on  behalf  of  the  Society  to  attend  the  recent  International 
Geological  Congress,  held  at  St.  Petersburg,  gave  a  short  account  of 
the  work  of  the  Congress,  dwelling  more  particularly  on  the 
excursion  to  the  Ural  Mountains,  in  which  he  had  taken  part. 

The  following  communication  was  read : — 

^  A  Contribution  to  the  PalsBontology  of  the  Decapod  Crustacea 
of  England.'  By  the  late  James  Carter,  F.R.C.S.,  E.G.8.  (Com- 
municated by  Prof.  T.  McKenny  Hughes,  M.A.,  F.R.S.,  F.G.S.) 

The  following  maps  were  exhibited : — 

Geological  Survey  of  England  and  Wales,  4  miles  to  1  inch : 
Index  Map,  Sheets  3,  4,  and  7  (lithographed),  and  New  Series, 
1-inch  Map  No.  263,  Cardiff  (Solid  and  Drift),  1897 ;  also  Geological 
Survey  of  Scotland,  1-inch  Map,  Sheet  76,  Tomintoul  (Banff),  1897, 
presented  by  the  Director-General  of  H.M.  Geological  Survey. 

Beproductions  made  by  the  Science  and  Art  Department  from 
W.  Smith's  Original  Maps,  which  are  in  the  possession  of  the  Society, 
presented  through  Prof.  J.  W.  Judd,  C.B.,  LLD.,  F.R.S.,  by  that 
Department. 


November  17th,  1897. 
Dr.  Henbt  Hicks,  F.R.S.,  President,  in  the  Chair. 
Henry  Fleck,  Esq.,  128a  Qaeen's  Road,  Peckham,  S.E. ;   and 
Edwin  Bennett  Brierley  Newton,  Esq.,  131  Monton  Road,  Eccles 
(Lancashire),  were  elected  FeUows  of  the  Society. 
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The  last  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read : — 

1.  *  The  Geology  of  Rotuma.'  By  J.  Stanley  Gaidiner,  Esq., 
B.A.     (Communicated  by  J.  E.  Marr,  Esq.,  M.A.,  F.R.S.) 

2.  *  A  Geological  Survey  of  the  Witwatersrand  and  other  Districts 
in  the  Southern  Transvaal'     By  Frederick  H.  Hatch,  Ph.D.,  F.G.S. 

3.  '  Observations  on  the  Genus  Adisina,  de  Koninck,  with  De- 
scriptions of  British  Species,  and  of  some  other  Carboniferous 
Gasteropoda.'  By  Miss  J.  Donald,  of  Carlisle.  (Communicated  by 
J.  G.  Goodchild,  Esq.,  F.G.S.) 

The  following  specimens  and  maps  were  exhibited : — 

Bock-specimens  and  Microscope-sections,  exhibited  by  F.  H. 
Hatch,  Ph.D.,  F.G.S.,  in  illustration  of  his  paper. 

Specimens  of  Aclisina,  de  Kon.,  and  other  Carboniferous  Gastero- 
poda, exhibited  by  J.  G.  Goodchild,  Esq.,  F.G.S.,  in  illustration 
of  Miss  Donald's  paper. 

A  copy  of  Sheet  3  of  the  Lithographed  Edition  of  the  Geological 
Survey  Lidex  Map,  presented  by  the  Director-General  of  that 
Survey. 

Map  of  the  Transvaal,  showing  Physical  Features  and  Political 
Divisions,  on  the  scale  of  1  inch =24*78  miles,  1897;  and  a  Geological 
Map  of  the  Southern  Transvaal,  on  the  scale  of  1  inch = about 
^  miles,  1897,  both  maps  drawn  up  by  Dr.  F.  H.  Hatch,  F.G.S., 
by  whom  they  are  presented  to  the  Society. 


December  1st,  1897. 

Dr.  HEimT  Hicks,  F.R.S.,  President,  in  the  Chair. 

Ernest  Lionel  Allhusen,  Esq.,  B.Sc,  Beadnell  Tower,  Chathill 
(Northumberland)  ;  William  Ralph  Baldwin- Wiseman,  Esq.,  B.So., 
Egerton  Villa,  Brundretts  Bead,  Chorlton-cum-Hardy ;  James 
Edmund  Clark,  Esq.,  B.A.,  B.Sc.,  112  Wool  Exchange,  London ; 
Edward  Alison  Douglas,  Esq.,  Granville  House,  OverhiU  Boad,  East 
Dulwich,  S.E. ;  William  Edwards,  Esq.,  242  Nantwich  Boad,  Crewe ; 
Percy  Griffith,  Esq.,  65  Parliairent  Street,  Westminster,  S.W. ; 
John  H.  Heal,  Esq.,  Hertford  Lodge,  Finchley,  N. ;  Albert  Emest 
Kitson,  Esq.,  372  Albert  Street,  East  Melbourne  (Victoria) ;  Edward 
St.  John  Lyburn,  Esq.,  Box  321,  Pretoria  (South  Africa) ;  Clement 
Hungerford  Pollen,  Esq.,  Nelson  (British  Columbia) ;  Richard 
P.  RothweD,  Esq.,  263  Broadway,  New  York,  and  20  Bucklersbury, 
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E.G. ;  Henry  George  Scott,  Esq.,  Bangkok  (Siam),  and  Ridgeway 
House,  Oxted  (Surrey) ;  Francis  J.  Stephens,  Esq.,  Ashfield,  Fal- 
mouth ;  and  Charles  Gilbert  Chillis,  Esq.,  B.Sc.,  15  Fawcett  Street, 
Reddiffe  Gardens,  S.W.,  were  elected  Fellows  of  the  Society. 

The  list  of  Donations  to  the  Library  was  read. 
The  following  communications  were  read  : — 

1.  *  A  Eevindication  of  the  Danberis  Unconformity.'  By  the 
Rev.  J.  F.  Blake,  M.A.,F.G.S. 

2.  *  The  Geology  of  Lambay  Island  (Co.  Dublin).*  By  Messrs.  C. 
I.  Gardiner,  M.A.,  F.G.S.,  &  S.  H.  Reynolds,  M.A.,  F.G.S. 

The  following  specimens,  etc.  were  exhibited : — 

Rock-specimens  and  models,  exhibited  by  the  Rev.  J.  F.  Blake, 
M  Jl.,  F.G.S. ,  in  illustration  of  his  paper. 

Rock-specimens  and  Microscope-sections,  exhibited  by  Messrs. 
C.  I.  Gardiner,  M.A.,  F.G.S.,  &  S.  H.  Reynolds,  M.A.,  F.G.S.,  in 
illustration  of  their  paper. 

Sample  of  Placer  Gold-Dust  from  the  Yukon  District  (North- 
western Canada),  exhibited  by  Dr.  G.  J.  Hinde,  F.R.S.,  F.G.S. 

Copies  of  the  Lithographed  Edition  of  Sheets  10  &  13  of  the 
Geological  Survey  Index  Map,  presented  by  the  Director-General  of 
that  Survey. 


December  16th,  1897. 
Dr.  Hbnbt  Hicxs,  F.R.S.,  President,  in  the  Chair. 

Charles  Dodd,  Esq.,  Clovelly  Cottage,  Wrexham ;  Angus  Mac- 
donald,  Esq.,  B.Sc.,  Rockville,  Orchard  Street,  Motherwell ;  Charles 
Alfred  Matiey,  Esq.,  B.Sc.,  Stechford,  near  Birmingham ;  Arthur 
John  Charles  Molyneux,  EJsq.,  19  Bury  Street,  St.  James's,  S.W. ; 
Josslyn  Ramsden,  Esq..  Willinghurst,  Guildford  (Surrey) ;  Alexander 
Reid,  Esq.,  Assoc.M.Inst.CE.,  Linden  Villa,  Folkestone  Road, 
Dover;  and  Charles  Temple,  Esq.,  Heath  Brow,  Hampstead,  N.W., 
were  elected  Fellows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read : — 

1.  '  On  the  Pyromerides  of  Boulay  Bay  (Jersey).'  By  John 
Parkinson,  Esq.,  F.G.S. 
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2.  '  On  the  Exploration  of  Ty  Newydd  Care,  near  Tremeirchion 
(North  Wales).'    By  the  Eev.  G.  C.  H.  Pollen,  8.J.,  F.G.S. 

The  following  specimens  were  exhibited  :— 

Hand-specimens  and  Microscope-sections  of  Pyromerides  from 
Boolay  Bay,  Jersey,  exhibited  by  John  Parkinson,  Esq.,  F.G.S.,  in 
illustration  of  his  paper. 

Specimens  from  the  same  locality,  exhibited  by  Prof.  T.  G. 
Bonney,  D.Sc.,  F.E.8.,  V.P.G.8. 

Specimens  from  the  Ty  Newydd  Cave,  near  Tremeirchion,  and 
Lantern-slides,  exhibited  by  the  Rev.  G.  C.  H.  Pollen,  S.J.,  F.G.S., 
in  illustration  of  his  paper. 


January  5th,  1898. 

Dr.  Henry  Hicks,  F.R.8.,  President,  in  the  Chair. 

Albert  Henry  Turton,  Esq.,  5  Carlyle  Boad,  Edgbaston,  Bir- 
mingham, and  Tasmania;  Henry  W.  Pearson,  Esq.,  M.I.C.R, 
Clifton,  Bristol ;  and  Hugh  Gkuratt  Foster  Barham,  Esq.,  Jersey 
New  Waterworks  Company  Ltd.,  Jersey,  were  electidd  Fellows  of 
the  Society. 

The  following  Fellows  of  the  Society,  nominated  by  the  Council, 
were  elected  Auditors  of  the  Societ/s  Accounts  for  the  preceding 
year : — ^Bbdfo&d  MoNbill,  Esq.,  and  Hilabt  Batiebicak,  Esq. 

The  List  of  Donations  to  the  Library  was  read. 

Prof.  JuDD  drew  attention  to  the  Outline  Geological  Maps  of 
England  and  Wales  on  the  scale  of  30  miles  to  the  inch,  for  the 
use  of  schools  and  colleges,  presented  by  John  Llotd,  Esq.  These 
were  reproduced,  by  permission  of  the  Science  and  Art  Department, 
from  the  maps  in  use  at  the  Boyal  College  of  Science,  South 
Kensington. 

The  following  communications  were  read  : — 

1.  'On  the  Structure  of  the  Davos  Valley.'  By  A.  Yaughan 
Jennings,  Esq.,  F.L.8.,  F.G.S. 

2.  '  Sections  along  the  Lancashire,  Derbyshire,  and  East  Coast 
Railway  between  Lincoln  and  Chesterfield.'  By  C.  Fox-Strangwaysl 
Esq.,  F.G.S.  (Communicated  by  permission  of  the  Director-Genera, 
of  H.M.  Geological  Survey.) 
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In  addition  to  the  maps  mentioned  on  p.  vi,  the  following  was 
exhibited : — 

Geological  Bnrvej  of  England  and  Wales,  1-inch  Map,  n.  s., 
No.  268  Basingstoke.  Drift,  by  F.  J.  Bennett,  J.  H.  Blake,  and 
C.  E.  Hawkins.  1897.  Presented  by  the  Director-Genersil  of 
H.M.  Geological  Survey. 


January  19th,  1898. 
Dr.  Henbt  Hicks,  F.R.S.,  President,  in  the  Chair. 

George  Percy  Ashmore,  E^.,  34  Montpelier  Road,  Brighton ; 
Thomas  James  Haughton,  Esq.,  Constitutional  Club,  Northumber- 
land Avenue,  W.C. ;  and  the  Rev.  John  Hawell,  Ingleby  Greenhow, 
Yorks,  were  elected  Fellows  of  the  Society. 

The  list  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read : — 

1.  '  On  some  Gravels  of  the  Bagshot  District'  By  Horace  W. 
Monckton,  Esq.,  F.L.S.,  F.G.S. 

2.  'On  the  Occurrence  of  Chloritoid  in  Kincardineshire.'  By 
George  Barrow,  Esq.,  F.G.S.  (Communicated  by  permission  of  the 
Director-General  of  H Ji.  Geological  Survey.) 

The  following  specimens,  etc  were  exhibited : — 

Specimens  and  Photographs,  exhibited  by  Horace  W.  Monckton, 
Esq.,  F.L J9.,  F.G.S.,  in  illustration  of  hb  paper ;  also  a  specimen 
belonging  to  Prof.  T.  Rupert  Jooes,  F.R.S.,  F.G.S. 

Ko^-specimens  and  Microscope-sections,  exhibited  by  (George 
Barrow,  Esq.,  F.GJB.,  in  illustration  of  his  paper. 

Sheet  8  of  the  index  Map  of  the  Geological  Survey,  on  the  scale 
of  4  miles  to  the  inch,  presented  by  the  Director-General  of 
that  Survey. 
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Febroary  2nd,  1898. 
Br.  HnrBT  Hiou,  F.E.S.,  President,  in  the  Chair. 

William  Howard  Smith,  Esq.,  Carlisle  Yilla,  Balmore  Road,  West 
Bolwich,  S.E. ;  8amael  Hazzledine  Warren,  Esq.,  9  Cambridge  Gate, 
Regent's  Park,  N.W. ;  Charles  Lindsay  Temple,  Esq.,  Braxil,  and 
Heath  Brow,  Hampstead,  N.W. ;  Elliott  Moore  Caimes,  Esq., 
« Rivoli,'  Barkly  Street,  St.  KUda,  Victoria  (Aostralia);  and  George 
Plnnkett  Chaplin,  Esq.,  B.Sc.,  124  Breakspeares  Road,  Brockley, 
8.E.,  were  elected  Fellows  of  the  Society. 

The  List  of  Bonations  to  the  Library  was  read. 

The  Prbsidknt  announced  that  Br.  Charles  Barrois,  Secretary  of 
the  Organizing  Committee  of  the  Yinth  International  Geological 
Congress,  which  will  be  held  in  Paris  in  1900,  would  shortly  come  to 
London  to  invite  the  Geological  Society  to  the  Congress,  and  to  consult 
the  Fellows  with  regard  to  the  proposed  excursions  and  the  subjects 
of  discussion.  Br.  Barrois  hoped  to  be  present  at  the  Annual  General 
Meeting  of  the  Society  on  February  18tb,  and  to  avail  himself  of 
that  opportunity  of  personal  intercourse  with  the  Fellows. 

The  following  communications  were  read: — 

1.  '  Contributions  to  the  Glacial  Geology  of  Spitsbergen.'  By 
E.  J.  Garwood,  Esq.,  M.A.,  F.G.S.,  and  Br.  J./W.  Gregory, 
F.G.S. 

2.  *  On  a  Quartz-rock  in  the  Carboniferous  Limestone  of  Berby- 
shire/    By  H.  H.  Amold-Bemrose,  Esq.,  MjL,  F.G.S. 

The  following  specimens,  etc.  were  exhibited : — 

Specimens  and  Photographs,  exhibited  by  E.  J.  Garwood,  Esq., 
M.A.,  F.G.S.,  and  Br.  J.  W.  Gregory,  F.G.S.,  in  illustration  of  thdr 
paper. 

Rock-specimens,  Microscope-sections,  and  Photographs,  exhibited 
by  H.  H.  Amold-Bemrose,  Esq.,  M.A.,  F.GJ9.,  in  illustration  of  his 
paper. 

Geological  Map  of  the  Districts  of  Klerksdorp,  Potchefstroom, 
and  Krugersdorp,  illustrating  the  Position  and  Extent  of  the 
Sedimentary  Beposits,  and  the  probable  Continuation  of  the 
principal  Conglomerate-Beds.  Scale :  about  4  miles  to  1  inch.  1896. 
Brawn  up  and  presented  by  B.  Braper,  Esq.,  F.G.S. 
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ANNUAL   GENERAL  MEETING, 

February  18fch,  1898. 
Dr.  Hhnbt  Hicks,  F.B.8.,  President,  in  the  Chair. 

EXPOBT  OF  THB  COUHOIL  FOB  1897. 


TsE  upward  tendency  in  the  number  of  Fellows  and  the  uninter- 
rupted financial  prosperity  of  the  Society,  which  formed  a  subject  of 
congratulation  in  last  year's  Report,  have  been  steadily  maintained 
during  the  twelvemonth  under  review. 

In  1897  the  number  of  Fellows  elected  into  the  Society  was  59, 
of  whom  41  paid  their  Admission  Fees  before  the  end  of  the  year. 
Fees  were  also  received  during  the  past  twelvemonth  from  13 
Fellows,  who  had  been  elected  in  1896,  the  total  accession  of  new 
Fellows  in  1897  being  therefore  54. 

On  the  other  hand,  there  was  a  total  loss  of  51  Fellows  during  the 
past  year — 31  by  death,  10  by  resignation,  and  10  removed  from 
the  last  because  of  non-payment  of  their  Annual  Contributions. 

From  the  foregoing  figures  it  will  be  seen  that  the  actual 
increase  in  the  number  of  Fellows  is  3. 

Of  the  31  Fellows  deceased  11  had  compounded  for  their  Annual 
Contributions,  13  were  Contributing  Fellows,  and  7  were  Non- 
Contributing  Fellows.  On  the  other  hand,  3  Fellows  during  the 
past  year  became  Compounders. 

The  total  accession  of  Contributing  Fellows  is  thus  seen  to  be 
51,  and  the  total  loss  being  33  (10+10+13),  the  increase  in  the 
number  of  Contributing  Fellows  is  18,  as  compared  with  an  increase 
of  13  in  1896. 

Turning  now  to  the  lists  of  Foreign  Members  and  Foreign 
Correspondents,  the  Fellows  may  be  reminded  that  at  the  end  of  1896, 
there  were  3  vacancies  in  the  Lbt  of  Foreign  Membeis  and  1  in  the 
List  of  Foreign  Correspondents.  In  1897  two  Foreign  Members 
and  4  Foreign  Correspondents  died.     The  vacancies  thus  left  were 
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in  part  filled  by  the  election  of  4  Foreign  Members  and  7  Foreign 
CSorrespondents,  but  at  the  end  of  the  year  there  was  still  1  vacancy 
in  the  List  of  Foreign  Members,  and  2  in  the  List  of  Foreign 
Correspondents. 

The  total  number  of  Fellows,  Foreign  Members,  and  Foreign 
Correspondents,  which  on  December  31st,  1896,  was  1329,  had 
increased  by  the  end  of  1897  to  1333. 

Proceeding  now  to  the  consideration  of  the  Society's  annual 
Income  and  ExpoDditure,  the  figures  for  1897  may  be  summarized 
as  follows : — 

The  total  Eeceipts,  including  the  Balance  of  X768  3*.  Od. 
brought  forward  from  the  previous  year,  amounted  to  jC3610  19s.  Sd., 
being  .£353  4s.  3d.  more  than  the  estimated  Income  for  the  year. 
On  the  other  hand,  the  total  Expenditure  during  1897  amounted  to 
je2887  Ids.  Sd.,  being  less  by  X369  ISs.  9d.  than  the  estimated 
Expenditure  for  that  year. 

The  actual  excess  of  Expenditure  over  current  Receipts  in  1897 
was  £45  Os.  Od.,  but  a  glance  at  the  Balance  Sheet  will  show  ih&t 
this  excess  is  entirely  due  to  Expenditure  of  a  non-recurring 
character,  namely,  the  cost  of  compilation  and  publication  of  the  Index 
to  the  first  Fifty  Volumes  of  the  Quarterly  Journal  (£350  13«.  4d.). 

There  still  remained  at  the  end  of  1897  a  Balance  of  £723  3«.  Od. 
available  for  Extraordinary  Expenditure. 

The  President,  Council,  and  Fellows  shared  in  the  universal 
expressions  of  loyalty  and  attachment  to  the  Throne  of  which  the 
Sixtieth  Anniversary  of  Her  Majesty's  Accession  was  the  happy 
occasion.  They  presented  an  Address  to  the  Queen,  emphasizing  the 
progress  which  Geology,  in  common  with  other  sciences,  has  made 
under  her  long  and  beneficent  rule,  and  Her  Majesty  was  pleased  to- 
receive  the  Address  very  graciously. 

The  Seventh  Session  of  the  International  Geological  Congre» 
was  held  at  St.  Petersburg  in  the  first  days  of  September,  and  the 
Council  appointed  as  Delegates  on  behalf  of  this  Society,  Sir  Archibald 
Geikie,  Prof.  T.  McK.  Hughes,  and  Mr.  H.  Bauerman.  The  Congreas 
was  preceded  and  followed  by  geological  journeys  extending  from, 
the  Baltic  to  the  Siberian  steppes,  and  from  Lake  Ladoga  to  the 
Caspian ;  and  everywhere  in  that  vast  country  the  most  generous 
hospitality  was  shown  by  all  classes  of  the  Russian  people,  from  the 
Emperor  downwards. 

^r  Archibald  Geikie  in  June  last  drew  the  attention  of  the  Council 
to  the  manuscript,  in  the  Society's  possession,  of  part  of  the  Third 
Volume  of  Button's  *  Theory  of  the  Earth,'  and  urged  the  desira- 
bility of  its  publication,  offering  at  the  same  time  to  {Saoe  his  services 
freely  at  the  disposal  of  the  Society  for  the  editing  of  the  manuscript. 
It  has  been  ascertained  that  the  cost  of  printing  1000  copies  in  a 
style  uniform  with  the  First  and  Second  Volumes  of  the  'Theory  of 
the  Earth '  would  not  exceed  £S0,  and  the  Council  feel  assured  that 
the  Fellows  will  approve  of  that  Expenditure  being  incurred  daring 
the  current  year.  A  reduction  on  ttie  published  price  will  be  made 
to  Fellows. 
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The  Coanoil  have  pleasure  in  announcing  the  completion  of 
Vol.  LIU.  of  the  Society's  Quarterly  Journal,  and  the  commence- 
ment of  Vol.  LIV. 

Part  II  (La-Z)  of  the  General  Index  to  the  First  Fifty  Volumes 
of  the  Quarterly  Journal  was  published  in  May  last,  and  the  hope 
expressed  in  last  year's  Report  that  the  great  utility  and  importance 
of  this  work  would  be  recognized  ha'i  been  fulfilled.  The  Council 
eonsider  that  the  Fellows  owe  a  deep  debt  of  gratitude  to  the 
Assistant  Secretary  for  the  exceedingly  able  manner  in  which  he 
has  carried  out  the  work. 

The  Record  of  Geological  Literature  added  to  the  Society's 
Library  during  1897  will  be  in  the  Fellows'  hands  in  the  course  of 
a  few  days,  and  the  mention  of  this  leads  to  the  larger  question 
of  the  great  International  Catalogue.  In  response  to  an  invitation 
from  the  Royal  Society,  the  Council  have  appointed  a  Geological 
Sub-Committee  in  connexion  with  the  International  Catalogue 
Committee.  A  great  number  of  sittings  have  been  held,  and  a 
scheme  for  Geology  has  been  elaborated  which  fits  in  with  the 
general  plan  of  the  proposed  Catalogae.  It  is  in  accordance  with 
this  plan  also  that  Index-slips  are  being  issued  with  the  current 
number  of  the  Quarterly  Journal. 

The  following  Awards  of  Medals  and  Funds  have  been  made  by 
the  Council : — 

The  Wollaston  Medal  is  awarded  to  Prof.  Ferdinand  Zirkel,  in 
recognition  of  the  value  of  his  researches  instituted  for  the  purpose 
of  investigating  the  mineral  structure  of  the  earth. 

The  Morcbison  Medal,  with  a  sum  of  Ten  Guineas,  is  awarded  to 
Mr.  T.  F.  Jamieson,  in  recognition  of  the  value  of  his  work  amongst 
the  later  deposits  of  the  British  Islands. 

The  Lyell  Medal,  with  a  sum  of  Twenty-Five  Pounds,  is  awarded 
to  Dr.  W.  Waagen,  in  appreciation  of  the  value  of  his  researches  in 
Palaeontolojry  and  Stratigraphical  Geology,  especially  in  British  India. 

The  Balance  of  the  Proceeds  of  the  Wollaston  Fund  is  awarded 
to  Mr.  E.  J.  Garwood,  in  recognition  of  the  value  of  his  work 
-amongst  the  rocks  of  the  North  of  England  and  of  his  researches  in 
Spitsbergen,  and  to  assist  him  in  further  research. 

The  Balance  of  the  Proceeds  of  the  Murchison  Fund  is  awarded 
to  Miss  J.  Donald  in  recognition  of  the  value  of  her  work  on  the 
Palaeozoic  Gasteropoda,  and  to  assist  her  in  further  investigations. 

A  moiety  of  the  Balance  of  the  Proceeds  of  the  Lyell  Fund  is 
awarded  to  Mr.  Henry  Woods,  in  recognition  of  his  work  in  Strati- 
graphical  Geology  and  Palaeontology,  and  to  aid  him  in  further 
researches. 

The  other  moiety  of  the  Balance  of  the  Proceeds  of  the  LyeU 
Fund  is  awarded  to  Mr.  W.  H.  Shrubsole,  in  recognition  of  the 
value  of  his  work  amongst  the  newer  deposits,  and  to  assist  him  in 
further  researches. 

A  portion  of  the  Balance  of  the  Barlow- Jameson  Fund  is  awarded 
to  Mr.  E.  Greenly,  in  recognition  of  his  work  amongst  the  ancient 
rooks  of  Britain  and  to  assist  him  in  further  investigations. 


Digitized  by 


Google 


xii  PBOOEBDnres  ov  thb  eBOLoeicAL  sooisTr.       [Ma J  i^r 

Repobt  of  the  Libbabt  Aim  Musetth  GomnnEB  fob  1897. 

Your  Committee  are  able  to  state  that  the  additions  made  to  the 
Library  daring  the  past  twelve  mouths  were  in  no  respect  inferior, 
either  in  number  or  interest,  to  the  acquisitions  of  previous  years. 

During  1897  the  Library  received,  by  Donation,  96  Volumes  of 
separately  published  works,  500  Pamphlets  and  detached  Parts  of 
works,  120  Volumes  and  114  detached  Parts  of  serial  publications 
(Transactions,  Memoirs,  Proceedings,  etc.),  and  16  Volumes  of 
Newspapers.  The  total  number  of  accessions  to  the  Library  by 
Donation  is  thus  seen  to  amount  to  232  Volumes,  500  Pamphlets, 
and  114  detached  Parts.  Moreover,  149  Sheets  of  Maps  have  been 
presented  by  various  Donors. 

Attention  may  be  directed  to  such  gifts,  among  others,  as  the 
Maps  presented  by  the  Imperial  Geological  Survey  of  Japan  ;  those 
of  the  Geological  Surveys  of  Hesse-Darmstadt  and  Eumania ;  the 
lithographed  sheets  of  the  Index  Map  of  the  Geological  Survey  of 
England  and  Wales ;  the  Killean  and  Golspie  sheets  of  the  Geological 
Survey  Map  of  Scotland;  and  the  photographic  reproductions  of 
certain  of  William  Smith's  maps,  presented  by  the  Science  and  Art 
Department,  through  Professor  Judd. 

Turning  from  Maps  to  Books,  the  following  may  be  especially 
mentioned : — Sir  Archibald  Geikie's  *  Ancient  Volcanoes  of  Great 
Britain';  the  British  Museum  Catalogues:  Possil  Cephalopoda, 
Part  3,  and  Tertiary  MoUusca,  Part  1 :  Australasia ;  44  Memoirs 
presented  by  Prof.  Stanislas  Meunier ;  30  Memoirs  presented  by 
Prof.  A.  Koch;  11  by  Prof.  G.  A.  J.  Cole  ;  and  12  by  M.  F.  Mourlon. 
Moreover,  Mrs.  A.  H.  Green  presented  12  Pamphlets,  several  Maps, 
and  13  Geological  Photographs  of  New  South  Wales  from  ihe 
Library  of  her  deceased  husband;  and  the  Director-General  of 
H.M.  Geological  Survey  enriched  the  Society's  Library  with  a 
duplicate  set  of  100  Survey  Memoirs. 

Lady  Prestwich  presented  a  ^ne  portrait  in  oils  of  the  late 
Sir  Joseph  Prestwich,  and,  with  the  generous  donor's  entire  approval, 
the  portrait  has  been  hung  in  the  Meeting  Boom. 

The  Books,  Maps,  etc.  enumerated  above  were  the  gift  of  170 
Personal  Donors,  114  Government  Departments  and  other  Public 
Bodies,  and  176  Societies  and  Editors  of  Periodicals. 

The  Purchases  made  on  the  recommendation  of  the  Standing 
Library  Committee  amounted  to  46  Volumes  and  18  Parts  of 
separately  published  works,  28  Volumes  and  17  Parts  of  works 
published  serially,  and  14  Sheets  of  Maps. 

The  total  Expenditure  incurred  in  connexion  with  the  Library 
during  the  past  twelve  months  is  as  follows : — 

£     «.    d. 

Books,  Periodicals,  etc.  purchased     81     9  10 

Binding  of  Books  and  Mounting  of  Maps ....     95    5    5 

£176  15    3 
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MusEifir. 

No  additions  have  been  made  to  the  collections  dnring  the  past 
year. 

Mr.  C.  Davies  Sherborn  has  actively  continued  the  work  of 
labelling  and  registering  the  type-  and  other  important  specimens 
in  the  Poreign  Collection. 

He  reports  as  follows:  *  Three  hundred  and  twenty  drawers 
have  been  examined  during  the  past  year.  This  takes  the  work  on 
into  the  South  American  Collection,  and  leaves  for  future  exami- 
nation the  whole  of  the  Australasian  Collection  (144  drawers)  and 
some  miscellaneous  collections  in  the  small  workrooms.  I  have  to 
acknowledge  the  valuable  assistance  afforded  by  Mr.  T.  W.  Yaughan, 
of  the  United  States  Geological  Survey,  in  the  examination  of 
Duncan's  types  of  the  Antiguan  corals,  a  task  left  unfinished  by 
Dr.  Duncan.' 

The  expenditure  in  the  Museum  during  1897  was  as  follows : — 

£     8.  d. 

Special  work  (r^stration,  etc.)    20     0     0 

Sundries 2     9     6 


£22    9     6 


The  appended  lists  contain  the  Names  of  Government  Depart- 
ments, Public  Bodies,  Societies,  Editors,  and  Personal  Donors,  from 
whom  Donations  to  the  Library  have  been  received  during  the  past 
year: — 

I.  GovEBmcBNi  Departments  and  other  Public  Bodies. 

Alabama. — Geological  Survey  of  Alabama.    Montgomery. 

American  Museum  of  Natural  History.    New  York. 

Australian  Museum,  Sydney. 

Austria. — Kaiserlich-Konigliche  Geologische  Reicbsanstalt.    Vienna. 

.    Eaiserlich-Koniglicbes  Naturhistorisches  Hof museum.    Vienna. 

Baden. — Grossherzoglicnes  Ministerium  des  Innem.    GeologriKcbe  Landesanstalt. 

Heidelbeig. 
Barrande  Fund. 

Bavaria. — Koniglich  Bayeriscbes  Oberbergamt.    Municb. 
Belgium. — Mus^  Royal  d'Histoire  NatureUe.    Brussels. 
Berlin. — Konigliche  Preussische  Akademie  der  Wissenschaften. 
Birmingbam. — Mason  University  CoUege. 
Buenos  Aires.    Museo  Nacional. 
California. — State  Mining  Bureau.    San  Francisco. 
California  University.    Berkeley. 

Cambridge  (Biass.). — Museum  of  Comparative  Zoolonr,  at  Harvard  College. 
Canada.-— Geological  and  Natural  History  Survey.    Ottawa. 
Cape  Colony. — Department  of  Agriculture. 
.    Greological  Commission. 
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Chica^. — *  Field '  Columbian  Museam. 

Costa  Hica. — Muaeo  Nacional.    San  Joe^. 

Denmark. — Geological  Survey. 

Dublin. — Royal  Irish  Academy. 

Europe. — Commission  Gtologique  Internationale.    Berlin. 

FinLsuid. — Finlands  Geologiska  Undersokning.    Helsingfors. 

France. — D^pdt  de  la  Marine.    Paris. 

.    Mini^redesTravaux  Publics.    Paris. 

.    Museum  d'Histoire  NatureUe.    Paris. 

.    Service  de  la  Carte  G^logiaue.    Paris. 

Great  Britain. — Admiralty.    Lonaon. 

.    Army  Medical  Department.    London. 

.    British  Museum  (Natural  History).    London. 

.    Colonial  Office.    London. 

.    Geological  Survey.    London. 

.    Home  Office.    London. 

.    India  Office.    London. 

.    Ordnance  Survey.    Southampton. 

.    The  Lords  Commissioners  of  Her  Majesty's  Treasniy.    London. 

Cireece. — Observatoire  National.    Athens. 

Hesse. — Grossherzoglichee  Ministerium  des  Innem.    Geologische  LandesanitaU. 

Darmstadt. 
Holland. — Departement  van  Kolonien.    The  Hague. 
Houghton  (Mich.)-— Michigan  Mining  School. 
Hungary. — Konigliche    Ungarische   Geologiache   Anstalt    (Magyar    Ffidtaoi 

Tarsulat).    Budapest 
Illinois. — State  Museiun  of  Natural  History.    Springfield. 
India. — Geological  Survey.    Calcutta. 

.    India  Office. 

.    Public  Works  Department. 

Iowa. — Geological  Survey.    Des  Moines. 

Italy. — Keale  Comitato  ueologico  d'ltalia.    Rome. 

Japan. — Geological  Survey,     fokio. 

Kingston  (Canada).— Queen's  College. 

La  Plata  Museum.    La  Plata. 

Lausanne  University. 

London. — City  of  London  College. 

.    Royal  College  of  Surgeons. 

.    University  CoUege. 

Lund  Museum.    Denmark. 

Mexico. — Comision  Geoldgica  de  Mexico.    Mexico. 

Milwaukee  Museum. 

Minnesota,— Geological  and  Natural  History  Survqr.    Minneapolis. 

Missouri. — Geological  Survey  of  Missouri.    Jefferson  Citv. 

Munich. — Konigliche  Bayensche  Akademie  der  Wissenschaften. 

New  South  Wales. — Agent-General  for,  Loudon. 

.     Australian  Museum.    Sydney. 

.    Department  of  Lauds.    Sydney. 

.    Department  of  MineK.    Sydney. 

.    Geological  Survey.    Sydney. 

New  York  State  Library.    Albany. 

Museum.    Albanjr. 

New  Zealand. — Department  of  Mines.    Wellington. 
Norway. — Meteorological  Department. 

.    Norgea  Geologiska  Undersokning.    Christiania. 

Nova  Scotia. — Department  of  Mines.    Halifax. 

Owens  College.    Manchester. 

Padua. — Reale  Accademia  di  Scienze,  Lettere,  ed  Arti. 

Palermo. — Reale  Accademia  di  Scienze,  Lettere,  ed  Arti. 

Paris. — Acftd^mie  des  Sciences. 

Pennsylvania. — Geological  Survej*.    Harrisburg. 

Perak  Government.    Taiping. 

Pisa. — Royal  University. 

Portugal.— CommissSo  Gcologica  de  Portugal.    Lisbon. 

Prussia,— Konigliche  Preussische  Geologische  Landesanstalt.    Berlin. 

.    Konigliches  Ministerium  fur  Handel  und  Gewerbe.    Berlin. 

Queensland. — Department  of  Mines.    Brisbane. 
^^.    Geological  Survey.    Brisbane. 
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Rome. — Reale  Accademia  dei  Linoei. 

Runuuiia. — Mosenm  of  Geology  and  PaUeontology.    Bucharest. 

Russia. — Comity  Q^Iogiqae.    St.  Petersburg. 

.    Section  gdologique  du  Cabinet  de  S.M.  I'Empereur.    St.  Petersburp. 

Saxony. — Oeologische  Landesuntersuchung  des  Konigreichs  Sachsen.    Leipxig. 

.    Konigliches  Finanz-Ministerium.    Leipzig. 

South  Australia. — ^The  Agent-General  for,  London. 
Spain. — Comision  del  Mapa  Geol6gico.    Madrid. 
St.  Petersburg. — Acad^mie  Imp^nale  des  Sciences. 
Stockholm. — Kongliga  Svenska  Vetenskaps  Akademi. 
Sweden. — Sveriges  Geologiska  Undersokning.    Stockholm. 
Switzerland. — Commission  der  Geologischen  Kart«.     Berne. 
Tokio. — Imperial  University. 

. ,  College  of  Science. 

Tufta  College,  Massachusetts. 

Turin. — R^e  Accademia  delle  Scienze. 

United  States  Department  of  the  Interior.     Washington. 

Geological  Survey.    Washington. 

National  Museum.     Washington. 

Treasury  (Mint)  Department.    Washington. 

Upsala  University. 

.    Mineralog^cal  and  Geological  Institute. 

Victoria. — Department  of  Agriculture.    Melbourne. 

.    Department  of  Mines.    Melbourne. 

Vienna. — Kaiserliche  Akademie  der  Wissenschaften. 
Washington  (D.C.). — Smithsonian  Institution. 
Western  Australia. — Aj^ent-General  for,  London. 

.     Department  of  Mines.     Perth. 

.    Geol(^cal  Survey.     Perth. 

Wisconsin  University.     Madison. 


II.    SoCIETlBa  AND  EDITORS. 

Adelaide. — Royal  Society  of  South  Australia. 

Alnwick. — Berwickshire  Naturalists'  Club. 

Bahia. — Instituto  Geographico  e  Historico. 

Bamsley. — Midknd  Institute  of  Mining,  Civil  and  Mechanical  Engineers. 

Bath  Natural  History  and  Antiquarian  Field  Club. 

Belfast  Natural  History  and  Philosophical  Society. 

Belgrade. — Annales  G^lc^ioues  de  la  P^ninsule  Balkaniqne. 

Berlin. — Deutsche  Geologii^che  GesellschafL 

.    Gesellschaft  Naturforschender  Freunde. 

.    Zeitschrift  fiir  Praktische  Geologic. 

Bern. — Schweizerische  Naturforschende  Gesellschaft. 

Bombay  Branch  of  the  Royal  Asiatic  Society. 

Bordeaux. — Socidt^  Linn6eime. 

Boston  (Mass.). — American  Academy  of  Arts  and  Sciences. 

Boston  Society  of  Natural  History. 

Brussels.— Soci^t^  Beige  de  Geologic,  de  Pal^ntologie  et  d'Hydrologie. 

.    Soci^t^  Ma]acol(^ique  de  Belgique. 

Budapest.— Foldtani  Kozlony  ((Jeological  Magazine). 
Buenos  Aires. — Instituto  Geograiico  Argentino. 

.    Sociedad  Cientiiica  Argentina. 

Caen. — Soci^t^  Linn^nne  de  Normandie. 
Calcutta. — Indian  Engineering. 

.    Asiatic  Society  of  Bengal. 

Cape  Town. — South  African  Philosophical  Society. 
Cardiff. — South  Wales  Institute  of  Engineers. 
Chelmsford. — Felsted  School  Scientific  Society. 
Chica^. — Journal  of  Geolog}-. 
Christiania. — Nyt  Magazin  for  Naturvidenskabeme. 

.    Videnskabemes  SeUkab. 

Cincinnati  Society  of  Natural  History. 
Colombo. — Ceylon  Branch  of  the  Royal  Asiatic  Society. 
Colorado  Springs. — Colorado  College  Scientific  Society. 
Copenhagen. — Kongelige  Danske  Videnskabemes  Selskab. 
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Cordoba. — AcademU  Nacional  de  Ciencias. 

Cnoow. — Acad^mie  det  Sdenoes  (Akademja  Umi^ietosci). 

Darmstadt — Verein  fur  Erdkunde. 

Davenport  (Iowa).    Academy  of  Natural  Sdenoes. 

Dijon. — ^Acaddmie  des  Sciences. 

Dorpat. — Natorforscber  QeseUschaft  bei  der  Universitit  Joijew. 

Douglas. — lale  of  Man  Natural  History  and  Antiquarian  Society. 

Dresden. — Naturwissenscbaftliche  Qesellscbaft  *  Itis.' 

.    Vei-ein  f  iir  Erdkunde. 

Dublin. — Royal  Dublin  Society. 
Edinburgb.--Oeological  Society. 

,    Royal  Physical  Society. 

.    Royal  Scottish  Geographical  Society. 

.    Royal  Society. 

Ekaterinburg. — Soci^US  Oundiennc  d* Amateurs  des  Sciences  NatureUw. 
Frankfurt  a.  M.— Senckenbergische  Naturforschende  Oesellschaft. 
Giessen. — Oberhessische  Oesellschaft  fiir  Natnr-  und  Heilknnde. 
Glasgow. — Geological  Society. 

.    Mitchell  Library. 

.    Natural  History  Society. 

Gloucester. — Cotteswold  Naturalists'  Field-Club. 

Gratz. — Naturwissenschaftlicher  Verein  fiir  Steiermark. 

Haarlem. — Soci^t^  Hollandaise  des  Sciences. 

Halifax. — Yorkshire  Geological  and  Polytechnic  Society. 

HaUe. — Kaiserliche  Leopoldinisch-Carolinische  Deutsche  Akadiwnie  der  Nature 

forscher. 
Hamilton  (Canada). — Hamilton  Association. 
Havre. — Soci^US  G^ologique  de  Normandie. 

Hermannstadt. — Siebenbiirgischer  Verein  fur  Naturwiisenschaften. 
Hertford. — Hertfordshire  Natural  History  Society. 
Indianapolis. — Indiana  Academy  of  Science. 
Johannesburg. — Geological  Society  of  South  Africa. 
Lausanne. — Soci6td  G6ologique  Suisse. 

.    Soci^  Vaudoise  des  Sciences  NatureUes. 

Leeds. — Philosophical  Society. 

Leicester. — Literary  and  Philosophical  Society. 

Leipzig.— Naturwissenschaftlicher  Verein  fur  Sachsen  und  Thnringra. 

.    Zeitschrift  fur  Krystallographie  und  Mineralogie. 

.    Zeitschrift  fiir  Naturwissenschaften. 

Li^ge. — Soci^t^  G^ologioue  de  Belgique. 

.      Soci^t^  Royale  aes  Sciences. 

Lille. — Soci^t^  G^logique  du  Nord. 
Lisbon. — Sociedade  de  Geographia. 
LiverpooL — Geological  Association. 

.    Literary  and  Philosophical  Society. 

London. — Academy. 

.    Athenaeum. 

.    British  Association  for  the  Advancement  of  Science. 

^^.    Chemical  News. 

.    Chemical  Society. 

.    Colliery  Guardian. 

.    East  India  Association. 

.    Geological  Magazine. 

.    Geologists'  Association. 

.    Institution  of  Civil  Engineers. 

.    Iron  and  Steel  Trades'  Journal. 

.    Knowledge. 

.    Linnean  Society. 

.    London,  Edinburgh,  and  Dublih  Philosophical  Magazine. 

.    Mineralogical  Society. 

-^— .    Nature. 

.    Palaeontographical  Society. 

.    Physical  Society. 

.    Ray  Society. 

.    Royal  Agricultural  Society. 

.    Royal  Astronomical  Society. 

.    Royal  Geographical  Society. 

.    Royal  Institution. 
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London. — Royal  Meteorological  Society. 

.    Royal  Microscopical  Society. 

.    Royal  Photographic  Society  of  Great  Britain. 

.    Royal  Society. 

.    Society  of  Arts. 

.    Society  of  Biblical  Archieology. 

.    Society  of  Pnblic  Analysts. 

.    Victoria  Institute. 

.    Zoological  Society. 

Madison  (Wis.). — Wisconsin  Academy  of  Sciences. 
Manchester. — Geological  Society. 

.    Literary  and  Philosophical  Society. 

Melbourne. — Royal  Society  of  Victoria. 

Milan. — Reale  Istituto  Lombardo  di  Scienze  e  Lettere. 

.    Societii  Italiana  di  Scienze  Naturali. 

Montreal. — Natural  History  Society. 

Moscow. — Soci^t4  Imp^riale  des  Naturalistes. 

Nancy. — ^Acad^mie  de  Stanislas. 

New  Haven  (Conn.). — ^American  Journal  of  Science. 

,    Connecticut  Academy  of  Arts  and  Sciences. 

New  York. — Academy  of  Sciences. 

.    American  Institute  of  Mining  Engineers. 

Newcastle-upon-Tyne. — North  of  England  Institute  of  Mining  and  Mechanical 

Engineers. 
Northampton. — Northamptonshire  Natural  History  Society. 
Oporto.— -iSociedade  Carlos  Ribdro. 
Ottawa. — Royal  Society  of  Canada. 
Pdermo. — ^Annales  de  Gtelogie  et  de  Paltentologie. 
Paris. — ^Annuaire  G^lc^que  Universe!. 

.    Revue  Scientifique. 

.    Soci^t4  Franfaise  de  Min^ralogie. 

.    Soci^t^  G^logique  de  France. 

.    Spelunca. 

Penzance. — Royal  Geological  Sociebr  of  Cornwall. 
Philadelphia. — ^Academy  of  Natural  Sciences. 

,    American  Philosophical  Society. 

,    Wagner  Free  Institute  of  Science. 

Pisa. — SocietA  Toscana  di  Scienze  Naturali. 

Plymouth. — Devonshire  Association  for  the  Advancement  of  Science. 

Institution,  and  Devon  &  Cornwall  Natural  History  Society. 

PortUmd  (Me.).— Portland  Society  of  Natural  History. 
Rochester  (N.Y.). — Academy  of  Sciences. 

.    Creological  Society  of  America. 

Riga. — Natuiforscher  Verein. 
Rome. — Society  Geologica  Italiana. 
Rugb^  School  Natural  History  Society. 
Salt  Lake  City. — Utah  University  Quarterly. 
Santiago. — Deutscher  Wissenschaftlicher  Verein. 

,    Sociedad  Nacional  de  Mineria. 

,    Soci^t^  Scientifique  du  Chili. 

Scranton  (Pa^. — Colliery  Engineer. 

St  John  (N.B.).— Natural  History  Society. 

St.  Petersburg.— Russische  Kaiserliche  Mineralogische  Gesellschaft 

Stockholm.— Geologuka  Forening. 

Stonyhurst  Magazine. 

Stuttgart. — Neues  Jahrbuch  fur  Mineralogie,  Geologie  und  Palaontologie. 

.    Verein  fur  Vaterlandische  Naturkunde  in  Wurttemberg. 

Sydney. — Australasian  Association  for  the  Advancement  of  Science. 

.    Linnean  Society  of  New  South  Wales. 

,    Royal  Society  of  New  South  Wales. 

Topeka. — ^Transactions  of  the  Kansas  Academy  of  Science. 

Toronto.— Canadian  Institute. 

Toulouse. — Soci^  d'Histoire  Naturelle. 

Truro. — Royal  Institution  of  Cornwall. 

Vienna. — Berg-  und  Huttenmannisches  Jahrbuch. 

— .    Kaiserlich-konigliche  Zoologisch-botanische  (JesellschafL 

.    Mineralogische  und  Petrpgraphische  Mittheilungen. 

Warsaw. — ^Annuaire  G^logique  et  Min^ralogique  de  la  Buasie. 
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Warwick.— Warwickshire  Naturalists*  Field  Club. 
Wasbington  (D.C.).— Biological  Society. 

.    Geological  Society. 

.    Pbiloeopbical  Society. 

Wellington  (N.Z.). — Australian  Institute  of  Mining  Engineers. 

— —.    Wew  Zealand  Institute. 

Wiesbaden. — Nassauischer  Verein  fur  Naturkunde. 

York. — Natural  History  JoumaL 

.    Yorkshire  Philosophical  Society. 


in.  Personal  Donobs. 


Agassiz,  A. 
Ameghmoi,  F. 

Ball,  J. 

Barbour,  E.  H. 
Barrois,  C. 
Barton,  0.  H. 
Banennan,  H. 
Bay%,  W.  S. 
Beaugrand,  C. 
Beecher,  C.  E. 
Becker.  G.  F. 
Belinfante,  L. 
Bell,D. 
Berg,C. 
Bigot,  A. 
Bittner,  A. 
Blake,  Rev.  J.  F. 
Bodenbender,  G. 
Branner,  J.  C. 
Brodie,  Rev.  P.  B. 
Bukowski,  G.  von. 
Burton,  F.M. 

CantriU,T.C. 
Garez,  L. 
Oayeux,  L. 
Chambers,  T.  G. 
Chapman,  F. 
Choffat,  P. 
Oaypole,  E.  W. 
Coghlan,  T.  A. 
Cole,  G.  A.  J. 
Cooke,  J.  H. 
Crick,  G.  C. 
Crum,  J. 

Dames,  W. 
Darton,  N.  H. 
Davis,  W.  M. 
Dawson,  G.  M. 
Dawson,  Sir  J.  W. 
De  Ranee,  C.  £. 
Delebecque,  A. 
Derby,  0.  A. 
Dingelstedt,  W. 
Dol&us,  G. 
Don,  J.  R. 
Dowker,  G. 
Dupont,  E. 
Draper,  D. 

Elmore,  C.  J. 
Emmens,  S.  H. 


Emmons,  S.  F. 
Evans,  Sir  John. 

FooTd,  A.  H. 
Foster,  C.  Le  N. 
Foster-Barham,  H.  G. 
Fox,  H. 

Fox-Strangways,  C. 
Francis,  W. 
Frazer,  P. 
Freeh,  J. 
Friih,  J. 

Gaudry,  A. 
Geikie,  Sir  A. 
Gibson,  W. 
GUbert,  G.  K. 
Gilpin,  E.,  Jun. 
Goodchild,J.G. 
Gosselet,  J. 
Green,  Mrs.  A.  H. 
Green  well,  A. 
Gresley,  W.S. 
Gu^hard,  A. 
Gulliver,  F.  P. 
Gumbel,  C.  W.  von. 
Gunther,  A. 
Guppy,  R.  J.  L. 
Guyer-Zeller,  — . 

Hanks,  H.  G. 
Hargreavei},  T.  S. 
Harrison,  J.  B. 
Harrison,  W.  J. 
Hatch,  P.  H. 
Hill,  W. 
Hind,  W. 
Hinde,  G.  J. 
HoUand,  T.  H. 
Holmquist,  P.  J. 
Howard,  F.  T. 
Hull,  E. 

Jack,R.  L. 
Jentzsch,  A. 
Johns,  P. 
Johnson,  J.  C.  F. 
Johnston,  Messrs.  W.  & 

A.  K. 
Jone«,  T.  R. 
Judd,  J.  W. 
Jukes-Browne,  A.  J. 

Kennard,  A.  S. 


Kikoe,  J.  R. 
Kingsl^,  J.  S. 
Koch,  A. 
Kdnen,  A.  von. 

Lamplugh,  G.  W. 
Langley,  S.  P. 
Lapparent,  A.  de. 
liashan^,  F. 

Lewis,  Mrs.  H.  CarrilL 
Lifevre,  D. 
Lobley,  J.  L. 
Loriol,  P.  de. 

Maitland,A.G. 
Mansel-Pleydell^J.  C 
Marcou,  J. 
Margerie,  E.  de. 
Marsh,  O.  C. 
Martel,E.A. 
Meli,  R. 
MerriU,  G.  P. 
Meunier,  S. 
Mojsisovics,  E.  von. 
Monckton,  H.  W. 
Monrlon,  M.  F. 
Munro,  R. 

Nathorst,  A.  G. 
Newton,  E.  T. 
Newton,  R.  B. 

Ogilvie,  Maria  M. 
Omboni,  G. 

Park,  J. 
Penfield,  S.  L. 
P^roche,  J. 
Portis,  A. 
PoBtlethwaite,  J. 
Prestwich,  Lady. 

Ramond,  G. 
Rands,  W.  H. 
Reade,T.M. 
Reid,  C. 
Renevier,  E. 
Rickard,  T.  A. 
Rothpletz,  A. 

Schardt,  H. 
Seward,  A.  C. 
Shepherd,  P.  G. 
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Sheppard,T. 
Shiplw,  J. 
Shore,  T.  W. 
Stebbing,  W.  P.  D. 
Stirliiig,  J. 

Talmage,  J.  E. 
Thompeon,  B. 
Tbompflon,  J. 
Thomaon,  J. 


AxnrUAL  BBPOBT. 

'    Toraqnist,  S.  L. 
Tonla,F. 
Taocimei,  G. 
TwelvetreM,  W.  H. 
Tyrrell,  J.  B. 

Valentin,  J. 

Wadsworth,  M.  E. 
Walther.J. 


ZIZ 


Wanile,8ipT. 
Webb,  W.  M. 
WhiUker,  W. 
Wilson,  E. 

Winwood,  Rev.  H.  H. 
Woodward.  B.  B. 
Woodward,  U. 
Woodward,  H.  B. 

ZeiUer,  R. 
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CoXPABiLliyB  StATBKBVT  of  THB  NuiIBBB  OF  THB  SoGEBTT  AT  ZEl 
OLOSB  OF  THB  TBUW  1896  AKD  1897. 

Deo.  Slat,  1896.  Dee.  Slst,  1897. 

Compomiders 306         298 

Contributing  Fellows 880         898 

Non-contributing  Fellows . .  67         60 

1253  1256 

Foreign  Members 37         39 

Foreign  Correspondents 39         38 

1329  1333 


Comparative  Suuement  explanatory  of  (he  AlUratums  in  the  Number 
of  FtUotvs,  Foreign  Members,  and  Foreign  Correspondentt  at  the 
dose  of  the  years  1896  and  1897. 


Number  of  Compounders,  Contributing  and  Non- 
contributing  Fellows,  December  31st,  1896    . . 

Add  Fellows  elected  during  the  former  year  and ' 
paid  in  1897    J 

Add  Fellows  elected  and  paid  in  1897 41 


1253 
13 


Deduct  Compounders  deceased 11 

Contributing  Fellows  deceased    13 

Non-contributing  Fellows  deceased     7 

Contributing  Fellows  resigned    10 

Contributing  Fellows  remored    10 


1307 


76 


Number  of  Foreign  Members  and  Foreign  1 
Correspondents,  December  31st,  1896  . . . .  j 

Deduct  Foreign  Members  deceased 2 

Foreign  Correspondents  deceased    . .     4 
Foreign     Correspondents    elected  1       a 

Foreign  Members     J 

—      10 

66 

Add  Foreign  Members  elected 4 

Foreign  Correspondents  elected    7 


51 
1256 


—      77 


1333 
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XZl 


DsoBAnD  Fhllows. 


Gross,  Rev.  J.  £. 
Franks,  Sir  A.  W. 
Harradeo,  S. 
Heywood,  J. 
Hunter,  Rev.  Dr. 
Laing,  8. 


OcmpcfwnderM  (11). 


Leaf,  C.  J. 

Maitland,  Sir  J.  R.  0. 
Ogilvie,  A.  G. 
Renshaw^,  A.  0. 
Tabntean,  Lt.-Col.  A.  0. 


Rendmt  and  other  CantribtUing  Fdlowi  (13). 


Ayers,  Sir  H. 
Allport,  S. 
Bewick,  T.  J. 
Campbell,  Lt-Col.  J.  R. 
Collinson,  T. 
Dmmmond,  Prof.  H. 
Famworth,  W. 


Ferguson,  W.  D. 
King,  Lt.-CoL  C.  C. 
Morris,  T. 
Myers,  E. 
Piper,  G.  H. 
Tato,  T. 


Nat^-cofUrihtUing  Fellows  (7). 


Collard,  T.  W. 
Brodie,  Rev.  P.  B. 
Gunliffe,  B. 
Hau^ton,  Dr.  S. 


Jackson,  A.  W. 
Josephson,  J.  F. 
Smith,  T.  J. 


Ibnign  Menibors  (2). 
Dea  doizeaux.  Prof.  A.  |  Steenstrup,  Prof.  J.  J.  S. 

Foreign  Comspyndenis  (4). 


CopjB,  Prof.  E.  D. 
Etdngshausen,  Baron  C.  yon. 


Fraas,  Dr.  0.  von. 
Winkler,  Dr.  T.  C. 
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Fbllows  Resiovbd  (10). 


Dunhill,  Br.  C.  H. 
Forfeitt,  F.  J. 
John,  W. 
Leach,  Bev.  C. 
GodwiD-Aosten,  Lt.-Col.  H.  H. 


Moore,  E.  W. 
Pope,  W.  J. 
St.  Clair,  G. 
Spraoe,  S. 
Vinter,  H.  W. 


Fellows  Eemotiu)  (10). 


Braga,  J.  F. 
Burkitt,  Dr.  J 
Jones,  £.  M. 
Johnstone,  A. 
Maddison,  T.  E. 


C.  S. 


Haddock,  Eev.  H.  E. 
Ogle,  P.  J. 
Pagen,  J.  F. 
Wilkinson,  Eev.  B. 
Pope,  J. 


The  following  Personages  were  eiUeted  from  the  List  of  Foreign  Oor^ 
respondents  to  fill  the  vacancies  in  the  List  of  Foreign  Membirt^ 
during  the  year  1897 : — 

M.  E.  Dupont,  of  Bruraels. 
Dp.  Anton  Frit8ch,  of  Prague. 
Prof.  A.  de  Lapparent,  of  Paris. 
Dr.  Hans  Eeuscn,  of  Christiania. 


The  following  Personages  were  elected  Foreign  Correspondent  durmg^ 
ihe  year  1S97  :— 

M.  Louis  DoUo,  of  Brussels. 

Dr.  0.  von  Fraas,  of  Stuttgart 

Mr.  A.  Hyatt,  of  Cambridge,  Mass.  (U.S.A.). 

Dr.  Anton  Koch,  of  Budapest. 

Prof.  A  Lacroix,  of  Paris. 

M.  Emmanuel  de  Maigerie,  of  Paris. 

Prof.  Count  H.  zu  Solms-Laubach,  of  Strasbuig.  • 


Digitized  by 


Google 


Vol.  54.]  ANNUAL  KKPOBT.  Xziii 

After  the  Beports  had  been  read,  it  was  resolved : — 

That  they  be  received  and  entered  on  the  Minutes  of  the  Meetings 
and  that  snch  parts  of  them  as  the  Council  shall  think  fit  be  printed 
and  circulated  among  the  Fellows. 

It  was  afterwards  resolved : — 

That  the  thanks  of  the  Society  be  given  to  Dr.  Henry  Hicks^ 
retiring  from  the  office  of  President. 

That  the  thanks  of  the  Society  be  given  to  Lieut.-Gen.  C.  A. 
McMabon  and  Dr.  Henry  Woodward,  retiring  from  the  office  of 
Vice-President. 

That  the  thanks  of  the  Society  be  given  to  Mr.  J.  E.  Marr, 
retiring  from  the  office  of  Secretary. 

That  the  thanks  of  the  Sodety  be  given  to  Mr.  H.  Bauerman, 
Prof.  E.  Hull,  Mr.  R.  Lydekker,  Lieut.-Gen.  C.  A.  McMahon,  and 
Dr.  Henry  Woodward,  retiring  from  the  Ck>uncil. 


After  the  Balloting-glasses  had  been  duly  closed,  and  the  lists 
examined  by  the  Scrutineers,  the  following  gentlemen  were  declared 
to  have  been  duly  elected  as  the  Officers  and  Council  for  the  ensuing 
year: — 


VOL.  LIV. 
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OFFICERS  AND  COUNCIL.— 1898. 

PBESJDENT. 
W.  Whitaker,  Esq.,  B.A.,  FJL8. 

VlCE-PRESIDENTa. 

Prof.  T.  G.  Bonoey,  D.Sc.,  LL.D.,  F.R,S. 
Prof.  J.  W.  Judd,  C.B.,  LL.D.,  F.R.8. 
J.  J.  H.  TeaU,  Esq.,  M.A.,  F.R.8. 
Rev.  H.  H.  Winwood,  M.A. 

SECRETARIES. 

R.  S.  Herries,  Esq.,  M.A. 
Prof.  W.  W.  Watts,  M.A. 

FOREIGN  SECRETARY. 
Sir  John  Evans,  K.C.B.,  D.C.L.,  LL.D.,  F.R.S.,  F.L.S. 

TREASURER. 
W.  T.  Blanford,  LL.D.,  F.R.S. 


COUNCIL. 


W.  T.  Blanford,  LL.D.,  F.R.S. 
Prof.  T.  G.  Bonney,  D.Sc.,  LL.D., 

F.R.S. 
Prof.  W.  Boyd  Dawkins,  M.A.,  F.R.S. 
Sir    John    Evans,   K.C.B.,    D.CX., 

LL.D.,  F.E.S. 

F.  W.  Hanner,  Esq. 

R.  S.  Hemes,  Esq.,  M.A. 
Henry  Hicks,  M.D.,  F.R.S. 
Rev.  Edwin  Hill,  M.A. 

G.  J.  Hinde,  Ph.D.,  F.R.S. 

W.  H.  Hudleston,  Esq.,  M.A.,  F.R.S., 

F.L.S. 
Prof.  J.  W.  Judd,  C.B.,  LL.D.,  F.R.S. 


J.  E.  Marr,  Esq.,  M.A.,  F.R.8. 
Prof.  H.  A.  Miers,  M.A.,  F.R.a 
H.  W.  Monckton,  Esq.,  F.L.S, 
E.  T.  Newton,  Esq.,  F.R.S. 
Prof.  H.  G.  Seeley,  F.R.S.,  F.L.S. 
Prof.  W.   J.    SoUas,  M.A.,    J>A^ 

LL.D.,  F.R.S. 
A.  Strahan,  Esq.,  M.A. 
J.  J.  H.  Teall,  Esq.,  M.A.,  F.IL8. 
Prof.  W.  W.  Watts,  M.A. 
W.  Whitaker,  Esq.,  B.A.,  F.R.& 
Rev.  H.  H.  Winwood,  M.A. 
A.  S.  Woodwaid,  Esq.,  FJLS. 


ASSISTANT-SECRETARY,  CLERK,  LIBRARIAN,  AND  CURATOR. 
L.  L.  Belinfante,  M.Sc. 


ASSISTANTS  IN  OFFICE,  LIBRARY,  AND  MUSEUM: 

W.  Rupert  Jones. 
Clyde  H.  Black. 
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LIST  OF 

THE  FOREIGN  MEMBERS 
OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  m  1897. 

Date  of 
Bleotion. 

1848.  James  Hall,  Esq.,  Albany,  State  of  New  York,  U,8,A. 

1856.  Professor  Robert  Bunsen,  For.  Mem.  R.S.,  Heidelberg. 

1857.  Professor  H.  B.  Geinitz,  Dresden. 
1871.  Dr.  Franz  Ritter  von  Hauer,  Vienna. 
1874  Professor  Albert  Gaudry,  Paris, 

1875.  'Professor  Fridolin  Sandbeiger,  Wwndntrg. 

1877.  Dr.  Carl  WUhelm  von  Gumbel,  Mwueh. 

1877.  Dr.  Eduard  Suss,  Vienna, 

1879.  M.  Jules  Marcou,  Camhridgej  Mass,,  U,S,A. 

1879.  Dr.  J.  J.  S.  Steenstnip,  For.  Mem.  R.S.,  Copenhagen.    (Deceased.) 

1880.  Professor  Gustavo  Dewalque,  LiSge, 
1880.  Baron  Adolf  Erik  Nordenskiold,  Stockholm. 
1880.  Professor  Ferdinand  Zirkel,  Leipzig, 
1888.  Professor  Otto  Martin  Torell,  5«ocA;Ao/m. 
1884  Professor  G.  CapeUini,  Bologna, 

1884.  Professor  A.  L.  0.   Des    Cloizeaux,  For.  Mem.  R.S.,  Paris, 

{Deceased,) 

1885.  Professor  Jules  Gosselet,  LHU. 

1886.  Professor  Gustav  Tscbermak,  Vienna. 

1887.  Professor  J.  P.  Lesley,  Philadelphia,  Pa,,  U,S,A, 

1888.  Professor  Eugene  Kenevier,  Lausanne. 

1888.  Baron  Ferdinand  von  Richtbofen,  Berlin. 

1889.  Professor  Ferdinand  Fouqu6,  Paris, 

1889.  Gebeimratb  Professor  Earl  Alfred  von  Zittel,  Mtmich. 

1890.  Professor  Heinricb  Rosenboscb,  Heidelberg. 

1891.  Dr.  Cbarles  Barrois,  Lille. 

1892.  Professor  Gustav  Lindstrom,  Stockholm, 

1893.  Professor  Waldemar  Cbristofer  Brogger,  Christiania. 
1898.  M.  Auguste  Micbel-L^vy,  Paris, 

1898.    Dr.  Edmund  Mojsisovics  von  Mojsv&r,  Vienna. 

1893.  Dr.  Alfred  Gabriel  Natborst,  Stockholm. 

1894  Professor  George  J.  Brusb,  New  Haven,  Qum,,  U.S,A. 

1894  Professor  Edward  Salisbury  Dana,  New  Haven,  Conn,,  U,S,A. 

1894.  Professor  Alpbonse  Renard,  Ghent. 

1895.  Professor  Wilhelm  Dames,  Berlin. 

1895.  Professor  Grove  K.  Gilbert,  Washington,  D.C,  U.S.A. 

1895.  M.  Friedricb  Schmidt,  St.  Petersburg, 

1896.  Professor  Albert  Heim,  Zurich. 

1897.  M.  E.  Dupont,  PrMMcfo. 
1897.  Dr.  Anton  Fritscb,  Prague, 
1897.  Professor  A.  de  Lapparent,  Paris. 
1897.  Dr.  Hans  Reuscb,  Christiania. 

c2 
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LIST  OF 

THE  FOREIGN  CORRESPONDENTS 

OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  w  IB91. 

Dsteof 

Bleotion. 

1866.  Professor  Victor  Raulin,  Montfaucon  cTArfforme. 

1874.  Professor  Igino  Cocchi,  Florence. 

1874.  Dr.  T.  C.  Winkler,  Haarlem.    (Deceased.) 

1879.  Dr.  Emile  Sauvage,  Baulogne^mr^Mer, 

1881.  Professor  E.  D.  Cope,  Philadelphia,  Ba.,  UJSjL.    {Deceased.} 

1882.  Professor  Louis  Lartet,  Toulouse. 

1882.  Professor  Alpbonse  Milne-Edwards,  Paris. 

1884.  M.  Alphonse  Briart,  Markmwelz. 

1884.  Professor  Hermann  Credner,  Leiptig. 

1887.  Senhor  J.  F.  N.  Delgado,  Lisbon. 

1888.  M.  Charles  Brongniart,  Paris. 

1888.  M.  Ernest  Van  den  Broeck,  Brussels. 

1889.  M.  R.  D.  M.  Verbeek,  Padang,  aunuOra. 

1890.  M.  GusUve  F.  Dollfus,  Paris. 
1890.  Herr  Felix  Karrer,  Vienna. 

1890.  Professor  Adolph  von  Konen,  Ctottingen, 

1891.  Professor  Emanuel  Eayser,  Marburg. 

1892.  ProfesAor  Johann  Lehmann,  £»e/. 

1892.  Major  John  W.  Powell,  Washington,  D.C.,  U.S.A. 

1893.  Professor  Marcel  Bertrand,  Paris. 
1893.  Professor  Alexis  Pavlow,  Moscow. 
1893.  M.  Ed.  Riffaux,  Boulogne-sur-Mer. 
1898.  Dr.  Sven  Leonhard  Tomquist,  Lund. 

1893.  Dr.  Charles  Abiathar  White,  Washington,  D.C.,  W.S.A^ 

1894.  Professor  Joseph  Paxson  Iddings,  Chicago,  IlL,  U.S.A. 
1894.  M.  Perceval  de  Loriol-Lefort,  Campagne  Fnmtenex. 
1894.  Dr.  Francisco  P.  Moreno,  La  Plata. 

1894.  Dr.  A.  Bothpletz,  Munich. 

1894.  Professor  J.  H.  L.  Vogt,  Christiania. 
1896.  Professor  Paul  Groth,  Munich. 

1895.  Dr.  K.  de  Kroustchoff,  St.  Peten^ntrg. 

1896.  Professor  Albrecht  Penck,  Vienna. 

1896.    Professor  S.  L.  Penfield,  New  Haven,  Conn.,  U.S.A. 

1896.  Professor  J.  Walther,  Jena. 

1897.  M.  Louis  DoUo,  Brussels. 

1897.  Dr.  O.  von  Fraas,  i^M^^or^.    (Deceased.) 

1897.  Mr.  A.  Hyatt,  Otmhridge,  Mass.,  U.S.A. 

1897.  Dr.  Anton  Koch,  Budapest. 

1897.  Professor  A.  Lacroix,  Paris. 

1897.  M.  Emmanuel  de  Margerie,  Paris. 

1897.  Professor  Count  H.  zu  Solms-Laubach,  Strasburg, 
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AWARDS  OF  THE  WOLLASTON  MEDAL 


UNDER  THE    CONDITIONS   OF  THE 


B8TABU8HMD  BT 


WILLUM  HYDE  WOLLASTON,  M.D.,  RB.B..  P.G.S.,  wo. 

^  To  promote  researches  concerning  the  mineral  structure  of  the  earth, 
and  to  enable  the  Council  of  the  Geological  Society  to  reward  those 
individuals  of  any  country  by  whom  such  researches  may  hereafter  be 
made/ — <  such  individual  not  being  a  Member  of  the  Council' 


1831. 
1836. 
183e. 

1837. 

1838. 
1839. 
1840. 
1841. 
1842. 

1843. 

1844. 
1845. 
1846. 
1847. 
1848. 
1849. 
1850. 
1861. 
1852. 

185a 

1854. 
1855. 
1856. 

1857. 

1858. 

1859. 
1860. 
1861. 
1862. 
1863. 
1864. 
1865. 


Mr.  William  Smith. 
Dr.  G.  A.  Mantell. 
M.  Louis  Agassiz. 
I  Capt  T.  P.  Cautley. 
1  Dr.  H.  Falconer. 
Sir  Richard  Owen. 
Professor  C.  G.  Ehrenberg. 
Professor  A.  H.  Dumont 
M.  Adolphe  T.  Brongniart. 
fiaron  L.  von  Buch. 

iM.  £lie  de  Beaumont 
M.  P.  A  Dufr^noy. 
Rev.  W.  D.  Conybeare. 
Professor  John  Phillips. 
Mr.  William  Lonsdale. 
Dr.  Ami  Bou^. 
Rev.  Dr.  W.  Buckland. 
Sir  Joseph  Prestwich. 
Mr.  William  Hopkins. 
Rev.  Prof.  A.  Sedgwick. 
Dr.  W.  H.  Fitton. 

)M.  le  Vicomte  A.  d*Archiac. 
M.  E.  de  VemeuiL 
Sir  Richard  Griffith. 
Sir  H.  T.  De  la  Beche. 
Sir  W.  E.  Logan. 
M.  Joachim  Barrande. 

{Herr  Hermann  von  Meyer. 
Mr.  James  Hall. 
Mr.  Charles  Darwin. 
Mr.  Searles  V.  Wood. 
Professor  Dr.  H.  G.  Bronn. 
Mr.  R.  A.  C.  Godwin-Austen. 
Professor  Gustav  Bischof. 
Sir  R.  I.  Murchison. 
Dr.  Thomas  Davidson. 


1866.  Sir  Charles  Lyell. 

1867.  Mr.  G.  Poulett  Scrope. 

1868.  Professor  Carl  F.  Naumann. 

1869.  Dr.  H.  C.  Sorby. 

1870.  Professor  G.  P.  Deshayes. 

1871.  Sir  A.  C.  Ramsay. 

1872.  Professor  J.  D.  Dana. 

1873.  Sir  P.  de  M.  Grey  Egerton. 

1874.  Professor  Oswald  Heer. 

1875.  Professor  L.  G.  de  Eoninck. 

1876.  Professor  T.  H.  Huxley. 

1877.  Mr.  Robert  Mallet 

1878.  Dr.  Thomas  Wright 

1879.  Professor  Bemhard  Studer. 

1880.  Professor  Auguste  Daubr^e. 

1881.  Professor  P.  Martin  Duncan. 

1882.  Dr.  Franz  Ritter  von  Hauer. 

1883.  Dr.  W.  T.  Blanford. 

1884.  Professor  Albert  Gaudry. 

1885.  Mr.  George  Busk. 

1886.  Professor   A.    L.    O.    Des 

Cloizeaux. 

1887.  Mr.  J.  Whitaker  Hulke. 

1888.  Mr.  H.  R  Medlicott. 

1889.  Professor  T.  G.  Bonney. 

1890.  Professor  W.  C.  Williamson. 

1891.  Professor  J.  W.  Judd. 

1892.  Baron     Ferdinand     von 

Richthofen. 

1893.  Professor  N.  S.  Maskelyne. 

1894.  Geheimrath  Professor  Karl 

Alfred  von  ZitteL 

1895.  Sir  Archibald  Geikie. 

1896.  Dr.  Eduaid  Suss. 

1897.  Mr.  W.  H.  Hudleston. 

1898.  Professor  F.  Zirkel. 


Digitized  by  VjOOQ IC 


ZXVUl 


PfiOCEEDIKeS  OF  THE  OEOLOGIOIL  SOCIETY.        [Maj  1 898, 


AWARDS 


OF  THE 


BALANCE  OF  THE  PROCEEDS  OF  THE  WOLLASTON 
'DONATION   FUND.' 


1831.  Mr.  William  Smith. 

1833.  Mr.  William  Lonsdale. 

1834.  M.  Louis  Agassiz. 

1835.  Dr.  G.  A.  Mantell. 

1836.  Professor  G.  P.  Deshayes. 

1838.  Sir  Richard  Owen. 

1839.  Professor  C.  G.  Ehrenberg. 

1840.  Mr.  J.  De  Carle  Sowerby. 

1841.  Professor  Edward  Forbes. 

1842.  Professor  John  Morris. 

1843.  Professor  John  Morris. 

1844.  Mr.  William  Lonsdale. 

1845.  Mr.  Geddes  Bain. 

1846.  Mr.  William  Lonsdale. 

1847.  M.  Aldde  d'Orbigny. 

lOAA   J  Cape-of-Good-Hope  Fossils. 
^^^^'  IM.  Alcide  d'Orbigny. 
1849.  Mr.  William  Lonsdale. 
1860.  Professor  John  Morris. 

1851.  M.  Joachim  Barrande. 

1852.  Professor  John  Morris. 

1853.  Professor  L.  G.  de  Koninck. 
1864.  Dr.  S.  P.  Woodward. 

1855.  Drs.  G.  and  F.  Sandberger. 

1856.  Professor  G.  P.  Deshayes. 

1857.  Dr.  S.  P.  Woodward. 

1858.  Mr.  James  HaU. 

1859.  Mr.  Charles  Peach. 

iQ«A  J  Professor  T.  Rupert  Jones. 
1»W.  j  Mr.  W.K  Parker. 
186L  Professor  A.  Daubr^e. 

1862.  Professor  Oswald  Heer. 

1863.  Professor  Ferdinand  SenfL 

1864.  Professor  G.  P.  Deshayes. 
1866,  Mr.  J.  W.  Salter. 


1866.  Dr.  Henry  Woodward. 

1867.  Mr.  W.  H.  BaHy. 

1868.  M.  J.  Bosquet. 

1869.  Mr.  W.  Carruthers. 

1870.  M.  Marie  Rouault 

1871.  Mr.  R.  Etheridge. 

1872.  Dr.  James  CroU. 

1873.  Professor  J.  W.  Judd. 

1874.  Dr.  Henri  Nyst 

1875.  Professor  L.  C.  Miall. 

1876.  Professor  Giuseppe  Seguensa. 

1877.  Mr.  R.  Etheridge,  Jun. 

1878.  Professor  W.  J.  Sollas. 

1879.  Mr.  Samuel  Allport 

1880.  Mr.  Thomas  Davies. 

1881.  Dr.  R.  H.  Traquair. 

1882.  Dr.  G.  J.  Hinde. 

1883.  Professor  John  Milne. 

1884.  Mr.  E.  Tulley  Newton. 

1885.  Dr.  Charles  Callaway. 

1886.  Mr.  J.  S.  Gardner. 

1887.  Mr.  B.  N.  Peach. 

1888.  Mr.  J.  Home. 

1889.  Mr.  A.  Smith  Woodward. 

1890.  Mr.  W.  A.  E.  Ussher. 

1891.  Mr.  R.  Lydekker. 

1892.  Mr.  0.  A.  Derby. 

1893.  Mr.  J.  G.  Goodchild. 

1894.  Mr.  Aubrey  Strahan. 

1895.  Mr.  W.W.  Watts. 

1896.  Mr.  Alfred  Harker. 

1897.  Mr.  F.  A.  Bather. 

1898.  Mr.  E.  J.  Garwood. 
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AWARDS  OF  THE  MURCHISON  MEDAL 

AND  OF  THB 

PROCEEDS  OF  THE  *  MURCHISON  GEOLOGICAL  FUND/ 

ESTABLISHED  UNDER  THE  WILL  OF  THE  LATE 

Snt  BODSBICK  IMPEY  MUBCHISON,  Bart.,  F.B.S.,  F.GJ3. 

'  To  be  applied  in  every  conaecutiye  year  in  such  manner  as  the  Council 
of  the  Society  may  deem  most  useful  in  adyancing  Geological  Science, 
whether  by  granting  sums  of  money  to  travellers  in  pursuit  of  know- 
ledge, to  aurora  of  memoirs,  or  to  persons  actually  employed  in  any 
enquiries  bearing  upon  the  science  of  Geology,  or  in  rewarding  any 
8udi  travellers,  authors,  or  other  persons,  and  the  Medal  to  be  given 
to  some  person  to  whom  such  Council  shall  grant  any  sum  of  money 
or  recompense  in  respect  of  Geological  Science/ 


1873.  Mr.  WiUiam  Davies.  Medal. 
1878.  Professor  Oswald  Heer. 
1874  Dr.  J.  J.  Bigsby.    MedaL 

1874.  Mr.  Alfred  BeU. 
1874.  Professor  Ralph  Tate. 
1876.  Mr.W.J.Henwood.   MedaL 
1876.  Professor  H.  G.  Seeley. 
1876.  Mr.    A.    R.    C.    Selwyn. 

Medal, 

1876.  Dr.  James  Croll. 

1877.  Rev.  W.  B.  Clarke.    Medal. 

1877.  Rev.  J.  F.  Blake. 

1878.  Dr.  H.  B.  GeinitE.    Medal. 

1878.  Professor  Charles  Lapworth. 

1879.  Professor  F.  M*Coy.   Medal. 

1879.  Mr.J.W.  Kirkby. 

1880.  Mr.  R.  Etheridge.    MedaL 

1881.  Sir  ArchibaldGeikie.  Medal. 

1881.  Mr.  F.  Rutley. 

1882.  Professor  J.Gosselet  Medal. 

1882.  Professor  T.  Rupert  Jones. 
1888.  Professor   H.    R.   Goppert. 

Medal. 

1883.  Mr.  John  Young. 

1884.  Dr.  H.  Woodward.    MedaL 
1884.  Mr.  Martin  Simpson. 
1886.  Dr.  Ferdinand  von  Romer 

Medal. 
1886.  Mr.  Horace  B.  Woodward. 
1886.  Mr.  W.  Whitaker.    MedaL 

1886.  Mr.  Clement  Reid. 

1887.  Rev.  P.  B.  Brodie.    Medal. 


1887.  Mr.  Robert  Kidston. 

1888.  Professor  J.  S.   Newberry. 

Medal. 

1888.  Mr.  Edward  Wilson. 

1889.  Professor    James    Geikie. 

Medal. 

1889.  Professor  G.  A.  J.  Cole. 

1890.  Professor    Edward    HulL 

MedaL 

1890.  Mr.  E.  Wethered. 

1891.  Professor    W.  C.  Brogger 

Medal, 

1891.  Rev.  R  Baron. 

1892.  Professor   A.    H.    Green. 

Medal. 

1892.  Mr.  Beeby  Thompson. 

1893.  Rev.  0.  Fisher.    Medal, 

1893.  Mr.  G.  J.  Williams. 

1894.  Mr.  W.  T.  Aveline.    Medal. 
1894.  Mr.  George  Barrow. 
1896.  Professor   Gustav   Lind- 

Strom.  MedaL 
1896.  Mr.  A.  C.  Seward. 
1896.  Mr.    T.     Mellard     Reade. 

Medal. 

1896.  Mr.  Philip  Lake. 

1897.  Mr.  Horace  B.  Woodward. 

MedaL 

1897.  Mr.  S.  S.  Buckman. 

1898.  Mr.T.F.Jamieson.    Medal. 
1898.  Miss  J.  Donald. 
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PBOCSKDIlieS  OF  THE  QEOLOeiCAL  80CIBTT.        [May  189S, 


AWARDS  OF  THE  LYELL  MEDAL 

AND  OF  THE 

PROCEEDS  OF  THE  *  LYELL  GEOLOGICAL  FUND/ 

ESTABLISHED   UNDER   THE   WILL  AND    CODICIL    OF   THE    LATS 

Snt  OHABLBS  LYELL,  Bart.,  F.R.8.,  F.a.& 

The  Medal '  to  be  given  annually '  (or  from  time  to  time) '  aa  a  mark  of 
honorary  distinction  and  as  an  expression  on  the  part  of  the  governing 
body  of  the  Society  that  the  Medallist  (who  may  be  of  any  country 
or  either  sex)  has  deserved  well  of  the  Science/ — '  not  less  than 
one  third  of  the  annual  interest  [of  the  fund]  to  accompany  the 
Medal,  the  remaining  interest  to  be  given  in  one  or  more  portions  at 
the  discretion  of  the  Council  for  the  encouragement  of  Geology  or 
of  any  of  the  allied  sciences  by  which  they  shall  consider  Geology 
to  have  been  most  materially  advanced,  either  for  travelling  expenses 
or  for  a  memoir  or  paper  published,  or  in  progress,  and  without  refo^ 
ence  to  the  sex  or  nationality  of  the  author,  or  the  language  in  which 
any  such  memoir  or  paper  may  be  written/ 

1876.  Professor      John      Morris. 

Medal. 

1877.  Dr.  James  Hector.    Medtd. 

1877.  Mr.  W.  PengeUy. 

1878.  Mr.  G.  Busk.    Medal. 

1878.  Professor  W.  Waagen. 

1879.  Professor  Edmond   Hubert. 

Medal. 
1879.  Professor  H.  A.  Nicholson. 

1879.  Dr.  Henry  Woodward. 

1880.  Sir  John  Evans.    Medal. 

1880.  Professor  F.  A.  von  Quen- 

stedt 

1881.  Sir  J.  W.  Dawson.    Medal. 
1881.  Dr.  Anton  Fritsch. 

1881.  Mr.  Q.  R.  Vine. 

1882.  Dr.  J.  Lycett.    Medal. 
1882.  Rev.  Norman  Glass. 

1882.  Professor  Charles  Lapworth. 

1883.  Dr.  W.B.  Carpenter.  Medal. 
1883.  Mr.  P.  H.  Carpenter. 

1883.  M.  E.  Rigaux. 

1884.  Dr.  Joseph  Leidy.    Medal. 

1884.  Professor  Charles  Lapworth. 

1885.  Professor    H.     G.     Seeley. 

Medal. 

1885.  Mr.  A.  J.  Jukes-Browne. 

1886.  Mr.  W.  PengeUy.    Medal. 

1886.  Mr.  D.  Mackintosh. 

1887.  Mr.  Samuel  Allport    Medal. 

1887.  Rev.  Osmond  Fisher. 

1888.  Professcr  H.  A.  Nicholson. 

Medal. 
1888.  Mr.  A.  H.  Foord. 


1888.  Mr.  Thomas  Roberts. 

1889.  Professor  W.  Boyd  Dawkina. 

Medal. 

1889.  M.  Louis  Dollo. 

1890.  Professor  T.  Rupert  Jones. 

Medal. 

1890.  Mr.  C.  Davies  Sherbom. 

1891.  Professor    T.    McKenny 

Hughes.    Medal. 
1891.  Dr.  C.  J.  Forsyth-Major. 

1891.  Mr.  G.  W.  Lamplugh. 

1892.  Mr.  G.  H.  Morton.   Medal, 
1892.  Dr.  J.  W.  Gregory. 

1892.  Mr.  E.  A.  Walford. 

1893.  Mr.  E  T.  Newton.    Medai. 
1893.  Miss  C.  A.  Raisin. 

M^  A.  N.  Leeds. 
Professor     John     Milne. 

Medal. 
Mr.  William  HiU. 
Rev.  J.  F.  Blake.     Medal, 
Mr.  Percy  F.  Kendall 
Mr.  Benjamin  Harrison. . 
Mr.   A.   Smith  Woodward. 

Medal. 
Dr.  W.  F.  Hume. 

1896.  Mr.  C.  W.  Andrews. 

1897.  Dr.  G.  J.  Hinde.    Medal, 
1897.  Mr.  W.  J.  Lewis  Abbott 

1897.  Mr.  J.  Lomas. 

1898.  Dr.  W.  Waagen.    Medal 
1898.  Mr.  W.  H.  Shrubsole. 
1898.  Mr.  H.  Wood^  . 
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1893. 
1894. 

1894. 
1895. 
1895. 
1895. 
1896. 

1896. 


Vol.540 


ANNUAL  RBPOBT. 


XZZl 


AWARDS  OP  THE  BIGSBY  MEDAL, 


F0T7NDBD  BT  THE  LATB 


Db,  J.  J.  BIGSBY,  F.B.S.,  P.GJ3. 

To  be  awarded  biennially  '  as  an  acknowledgment  of  eminent  services 
in  any  department  of  Geology,  irrespective  of  the  receiver's  country ; 
but  he  must  not  be  older  than  45  years  at  his  last  birthday,  thus 
probably  not  too  old  for  further  work,  and  not  too  young  to  have  done 
much.* 


1877.  Professor  0.  C.  Marsh. 
1879.  Professor  E.  D.  Cope. 
1881.  Dr.  Charles  Barrois, 
1883.  Dr.  Henry  Hicks. 
1885.  Professor  Alphonse  Renard. 
1887.  Professor  Charles  Lapworth. 


1889.  Mr.  J.  J.  Harris  TeaU. 
1891.  Dr.  George  M.  Dawson. 
1893.  Professor  W.  J.  SoUas. 
1895.  Mr.  Charles  D.  Walcott 
1897.  Mr.  Clement  Reid. 


AWARDS  OF  THE  PROCEEDS  OP  THE  BARLOW- 
JAMESON  FUND, 


ESTABLISHED  UNDER  THE  WILL  OF  THE  LATB 
Db.  H.  C.  barlow,  F.G.8. 

'  The  perpetual  interest  to  be  applied  every  two  or  three  years,  as  may 
be  approved  by  the  Council,  to  or  for  the  advancement  of  Geological 
Science.' 


1879.  Purchase  of  microscope. 

1881.  Purchase  of  microscope-lamps. 

1882.  Baron  C.  von  Ettingshausen. 
1884.  Dr.  James  CrolL 

1884.  Professor  Leo  Lesquereuz. 
1886.  Dr.  H.  J.  Johnston-Lavis. 
1888.  Museum. 

1890.  Mr.  W.  Jerome  Harrison. 
1892.  Professor      Charles     Mayer- 
Eymar. 


1893.  Purchase  of.  Scientific  In- 

struments for  Capt.  F.  £. 
YouDghusband. 

1894.  Mr.  Charles  Davison. 
1896.  Mr.  J.  Wright. 
1896.  Mr.  J.  Storrie. 
1898.  Mr.  E.  Greenly. 
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XXxii  PKOCEBDIWGS  OF  THE  GEOLOGICAL  SOCIBXT.         [May  1 898, 

EsTiMATss  /or 

INCOME  EXPECTED. 

£     8.    d.     £     9.    d. 
Compositions 94  10    0 

Due  for  Arrears  of  Admission  Fees    113    8    0 

Admission  Fees,  18»8 240    0    0 

363    8    O 

Arrears  of  Annual  Contributions    130    0    0 

Annual  Contributions,  1898,  from  Resident  Fel- 
lows, and  Non-Residents,  1859  to  1861     ....  1650    0    0 

1780    Q    O 

Annual  Contributions  in  adyance  85    O     0 

Dividends  on  £2000  India  3  per  cents 60    O     0 

Dividends  on  £2250  London  and  North- Western  Railway 
4  per  cent.  Preference  Stock 90    O     O 

Dividends  on  £2800  London  and  South- Western  Railway 

4  per  cent.  Preference  Stock    112    O     0 

Dividends  on  £300  London,  Brighton,  and  South  Coast 
Railway  5  per  cent.  Preference  Stock    15    O     0 

Dividends  on  £1295  Midland  Railway  4  per  cent.  Preference 
Stock 51  16     O 

Sale  of  Quarterly  Journal,  including  Longman's 
Account 150    0    0 

Sale  of  Geological  Map,  including  Stanford's 
Account 5    0    0 

Sale  of  Transactions,  Library  Catalogue,  Greneral 
Index,  Hochstetter's  '  New  Zealand,'  and  List 
of  Fellows 8    0    0 

158    0     O 


2749  14     O 


Abfo.—The  following  Funds  are  available  for  Extraordinary  Expenditure. 

Balance  at  the  Bankers',  December  silt,  1897    719    3     4 

Balance  in  the  Clerk's  hands,  December  Slst,  1897    3  19    8 
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the  Year  1898. 


EXFBNDITUSB  BSTIMATBD. 

£    8.  d.       £    s.    d. 
House  Expenditure : 

Taxes 16  0 

Fire  Insurance 16    0  0 

Electric  Lighting 20    0  0 

Gas 30    0  0 

Fuel  26    0  0 

Furniture  and  Bepairs..*. 86    0  0 

House-repairs  and  Maintenance 60    0  0 

Annual  Gleaning 16    0  0 

Washinff  and  Sundries 26    0  0 

Tea  at  Meetings    20    0  0 

236  16    0 

Salaries  and  Wsf^,  etc. : 

Assistant  Secretary  300    0  0 

„        Half  Premium  of  life  Insurance    10  16  0 

Assistant  Librarian 160    0  0 

Assistant  Clerk 90    0  0 

House  Porter  and  Upper-Housemaid   91  12  0 

Under-Housemaid   42  12  0 

Errand  Boy  39    0  0 

Oharwoman  and  Occasional  Assistance 10    0  0 

Accountant's  Pee 10  10  0 

Solicitors' Pees 16    0  0 

769    9    0 

library  (Books  and  Binding) 200    0    0 

Museum 30    0    0 

Office  Expenditure : 

Stationery 26  0  0 

Miscellaneous  Printing    36  0  0 

Postages  and  other  Expenses 90  0  0 

^^  160    0    0 

Publications : 

Geological  Map 6  0  0 

Quarterly  Journal 900  0  0 

„  „         Commission,     Postage, 

and  Addressing 100  0  0 

Beoord  of  G^logical  Literature  160  0  0 

List  of  Fellows  36  0  0 

Abstracts,  including  Postage     110  0  0 

1300    0    0 

Estimate  of  Ordinary  Expenditure 2676    4    0 

Balance  in  favour  of  the  Society 74  10    0 

2749  14    0 

EXTBAORDINABY  EXFBNDITUBE  :  — — 

Publication  of  Hutton  MS 80    0    0 

Completion  of  Redecoration  of  Society's  Apartments  ..      400    0    0 

£480    0    0 


W.  T.  BLANFORD,  Treasurer,  /  v^^^T^ 
January  22nd,  1808.  ^Qi  i^^d by V^OOg IC 
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Income  and  ExpendUure  during  the 

BSO£IPT& 

£     $.     d,     £     $,    d, 
Balai)06inBaDker8'hand8,Janaaryl6t,1897.  761  13  11 

Balance  in  Clerk's  hands,  January  Ist,  1897.      6    9     1 

768    3    0 

Oompodtiona 85    8    0 

Arrears  of  Admission-fees 81  18    0 

Admission-fees 239     8     0 

321     6    0 

Arrears  of  Annual  Contributions 186  18     0 

„  „       Non-Residente     11     1     6 

197  19    6 

Annual  Contributions  of  1897,  viz.  : 

Bwident  FeUows 1666    7    0 

Non-Beddent  Fellows...       14    3    6 

1680  10    6 

Annual  Contributions  in  advance 52  10    0 

Publications : 

Saleof  Journal,  Vols.  1-52    78  14  6 

Vol.63*      84    9  0 

Saleof  (Geological  Biapt    7    7  0 

Sale  of  Hoobstetter's  *  New  Zealand '    5  0 

Sale  of  List  of  Fellows  13  0 

Sale  of  Geological  Literature     7  6 

Sale  of  Transactions    7  6 

Sale  of  Index  to  Quarterly  Journal 7  6 

172  11    0 

Income  Tax : 

Bepajmeut  of  Tax  under  Schedule  0  for 

the  year  181XW97     10  19    2 

Amount  previously  unclaimed  for  the  year 

1895-9t)    3  16    3 

14  14    6 

Dividends  on 

£2000  India  3  p.  c.  Stock     58     0    0 

£300  L.  B.  &  S.  C.  Railway  5  p.  c. 

Consolidated  Preference  . .  14  10  0 
£2250  L.  &  N.  W.  Railway  4  p.  c. 

Preference    87     0     0 

£2800  L.  &  S.  W.  RaUway  4  p.  c. 

Preference    108     5     4 

£1295  Midland   Railway   4  p.  c. 

Perpetual  Preference  ....     50     1     6 

317  16  10 

*Due  from  Messrs.  Longmans,  in  addition  to  the 

above,  on  Journal,  Vol.  53 £34  18    7 

tDue  from  Stanford,  on  account  of  Geological 

Map    £  2    8    4 

We  have  compared  this  Statement  £3610  1ft     ^ 

with  the  Books  and  Accounts  presented  _ 

to  ns,  and  find  them  to  agree. 

H.  BAUERMAN,  \.  ,.,  (\^r^^\^ 

BEDFORD  McNeill,  /  ^^»^'-«^  by (^oogle 
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Year  ended  3lst  December,  1897. 

PAYMENTS. 

House  Expenditure :  £    g.  d,         £    s,    d. 

Taxes  16  0 

Fire  Insurance  15    0  0 

Eleotrio  Lighting  Installation 27  15  0 

Electric  Lighting  13    3  6 

Ghis 31    7  3 

Fuel 20    7  0 

Furniture  and  Repairs 17  16  3 

House  Bepairs  37  16  7 

Annual  Cleaning  11  18  6 

Washing  and  Sundries 30    2  2 

Tea  at  Meetings  and  Conversazione    19  15  10 


225  17     1 


Salariee  and  Wages : 

Assistant  Secretary   300    0  0 

„          Half  Premium  Life  Insurance.    10  15  0 

Assistant  Librarian   150    0  0 

Assistant  Clerk 85    0  0 

House  Porter  and  Upper-Housemaid     89  18  3 

Under-Housemaid    43  18  0 

Errand  Boy   36  10  0 

Charwoman  and  Occasional  Assistance  8  IS  0 

Accountant's  Foe   10  10  0 

735    9    » 

Solicitors*  Fees    12    4    0 

Office  Expenditure : 

Stationeiy  36  13    8 

Miscellaneous  Printing    32  11    3 

Postages,  Sundries,  and  Expenses  82    8    3 

151  13    2 

Library     176  15    3 

Museum    22    9    6 

Publications : 

Journal,  Vols.  1-52 7    15 

„       VoL53    800    8    0 

„  „       Oommi8si<Mi, 

Postage,  and  Addressing*    119  10    7 

919  18    7 

Beoord  of  Geological  Literature   141  18    0 

Listof  Feliows    35  18    3 

Abstracts,  including  Postage 106    8  11 

Geological  Map  19    6 

Indes  to  Quarterly  Journal,  Vols.  1-50  ...    350  13    4 


1563    8    0 


BalanceinBanker8'liand8atDec.31,1897.   719    3    4 
Balance  in  Clerk's  hands  at  Dec.  31, 1897.       3  19     8 


723    3    a 


*  [This  item  includes  the  postage  of  the 
General  Index  and  of  the  List  of  Geolo- 
gical Literature.] 


W.  T.  BLANFORD,  Treaturtr. 
January  22nd,  1898. 
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Award  op  the  Wollaston  Medal. 

In  handing  the  Wollaston  Medal  (awarded  to  Prof.  Ferdinand 
ZiRKEL,  F.M.G.S.,  of  Leipzig)  to  Mr.  J.  J.  H.  Teall,  for  transmission 
to  the  recipient,  the  President  addressed  him  as  follows : — 

Mr.  Teall, — 

The  Council  of  the  Geological  Society  have  this  year  awarded  the 
Wollaston  Medal  to  Prof.  Zirkel,  as  a  mark  of  their  appreciation 
of  the  great  services  which  he  has  rendered  to  Geological  Science, 
especially  in  the  department  of  Petrology.  His  *Lehrbuch  der 
Petrographie,'  the  first  edition  of  which  was  published  more  than 
30  years  ago,  is  an  indispensable  adjunct  to  the  library  of  every 
petrologist.  A  comparison  of  the  two  editions  of  this  monumental 
work,  the  second  of  which  has  only  recently  appeared,  illustrates  in 
a  most  striking  manner  the  enormous  advance  which  has  taken 
place  in  petrographical  science  during  the  interval — an  advance  in 
no  small  measure  due  to  the  influence  exerted  by  Prof.  Zirkel,  both 
as  a  teacher  and  as  an  original  worker. 

His  classic  memoir  on  the  '  Microscopic  Structure  and  Composi- 
tion of  Basaltic  Rocks '  was  one  of  the  first  publications  in  which 
the  results  of  the  examination  of  an  extensive  series  of  microscopic 
sections  were  made  known.  It  marks  an  epoch  in  the  history  of 
petrography,  not  only  because  it  greatly  extended  our  knowledge  of 
this  important  group  of  rocks,  but  also  because  it  gave  a  great 
stimulus  to  the  study  of  thin  sections  under  the  microscope.  It 
must  always  be  a  source  of  gratification  to  British  geologists  that 
this  important  work  was  dedicated  to  our  distinguished  FeUow  and 
revered  master,  Henry  Clifton  Sorby. 

It  is  impossible  for  me  to  review  aU  Prof.  Zirkel's  important 
contributions  to  Geological  and  Mineralogical  Science,  but  there 
is  one  other  that  I  cannot  pass  over  in  silence.  I  refer  to  his 
*  Geological  Sketches  of  the  West  Coast  of  Scotland.*  In  this  memoir 
Prof.  Zirkel  applied  the  methods  of  microscopic  analysis,  for  the  first 
time,  to  the  wonderful  records  of  Tertiary  volcanic  activity  which 
abound  in  that  region.  As  an  original  observer  he  has  made  his 
mark  in  the  history  of  our  time,  and  as  a  Professor  he  has  won  the 
esteem  and  affection  of  many  enthusiastic  students.  It  only  remains 
for  me  now  to  request  you  to  transmit  to  Prof.  Zirkel  this  Medal, 
and  at  the  same  time  to  express  to  him  our  great  regard  and  our 
sincerest  wishes  that  he  may  long  enjoy  health  and  strength  to 
continue  his  important  researches  in  those  branches  of  Geological 
Science  for  which  he  has  already  done  so  much. 

vol.  liv.  il 
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Mr.  Tball,  in  reply,  read  the  foUowing  letter  which  he  had 
re:;eived  from  Prof.  Zirkel : — 

*  Mr.  Pbbbident, — 

The  honourable  award  of  the  Wollaston  Medal  is  for  me  one  of  the 
most  gladdening  events  of  mj  life.  Yet  I  cannot  say  whether  I  am 
more  pleased  or  surprised  at  the  unexpected  announcement  that  I 
should  be  considered  worthy  of  so  brilliant  a  distinction,  which  has 
been  bestowed  by  this  highest  tribunal  of  Geology  only  on  the  most 
illustrious  British  and  Foreign  yotaries  of  the  science.  But  to-day 
all  feelings  are  merged  in  one  of  gratitude  to  the  Members  of  the 
Council,  who  have  taken  so  generous  and  fayourable  a  view  of  my 
modest  labours.  As,  much  to  my  regret  and  disappointment,  I  find 
myself  unable  to  attend  the  Annual  Meeting,  I  must  trespass  upon 
your  kindness  to  express  by  these  written  words  my  heartfelt  thanks 
and  best  acknowledgment  for  the  great  honour  conferred  upon  me, 
of  which  the  most  ambitious  may  well  be  proud.  I  receiye  the 
Medal  as  a  token  of  indulgence  and  encouragement,  and  it  will  be 
an  incentive  to  me  still  to  strive  to  be  more  worthy  of  it  and  of 
your  confidence.  Probably  I  ncTer  should  have  been  able  to  do 
what  I  have  done,  but  for  the  wise  example  and  kind  instruction  of 
my  old  master,  Henry  Clifton  Sorby.  The  tie  of  personal  friend- 
ship which  connects  me  with  so  many  fellow-workers  in  your 
country  since  those  bygone  days,  when  Murchison,  LyeU,  and 
Ramsay  favoured  the  young  foreigner  with  their  attachment,  this 
tie  will  be  strengthened  to-day,  and  the  Geological  Society's  pros- 
perity and  usefulness  will  never  cease  to  be  the  object  of  my  warmest 
wishes.' 


AWABD  OP  THB  WoLLASTON  DoKAHON  FuiH). 

The  PRBsiDEirr  then  handed  the  Balance  of  the  Proceeds  of  the 
WoUaaton  Donation  Fund  (awarded  to  Mr.  E.  J.  Gabwood,  M.A., 
F.G.S.)  to  Mr.  A.  Strahait,  for  transmission  to  the  recipient, 
addressing  him  as  follows  : — 

Mr.  SXBAHAN, — 

At  the  last  Meeting  of  the  Geological  Society  we  had  the  pleasure 
of  listening  to  a  communication  by  Mr.  Garwood  and  Br.  Gregory 
which  adds  much  to  our  knowledge  concerning  the  Glacial  Geology 
of  Spitsbergen.  Last  year  Mr.  Garwood  also  gave  an  address  at  one 
of  the  *  At  Homes '  of  the  Society,  which  was  highly  appreciated  by 
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tJiose  present.  These  communications  amply  testify  to.  his  ability  to 
carry  on  explorations  in  difficult  regions,  where  strength  of  purpose 
and  special  training  are  indispensable  to  success.  Other  geological 
questions  have  also  occupied  his  attention ;  and  I  may  here  mention 
the  paper  by  him  in  the  Geological  Magazine  on  '  Magnesian  lime- 
stone Concretions '  as  an  interesting  contribution  to  a  vexed  question, 
and  his  paper  and  reports  on  Carboniferous  Fossils,  the  result  of  much 
labour  among  the  Carboniferous  rocks  of  the  North  of  England.  The 
Council,  in  making  him  this  Award,  hope  that  it  may  act  as  a  stimulus 
to  further  researches  in  those  fields  in  which  he  has  already  shown 
such  marked  ability,  and  that  he  will  accept  it  also  as  a  token  of 
appreciation  for  what  he  has  already  accomplished. 

Mr.  Stbahait,  on  behalf  of  the  recipient,  read  the  following 
reply : — 

•  Mr.  Prbsidbkt, — 

In  thanking  the  Council  of  this  Society  for  the  honour  which  they 
have  done  me  in  awarding  to  me  the  Balance  of  the  Proceeds  of  the 
WoUaston  Fund,  I  cannot  but  feel  that  they  have  taken  far  too 
generous  a  view  of  any  value  which  my  work  in  the  past  may 
possess. 

*•  Some  years  ago,  it  occurred  to  me  that  the  Carboniferous  beds  in 
Britain  might  be  capable  of  subdivision  into  life-zones,  similar  to 
those  already  established  in  Belgium  and  elsewhere ;  but,  after 
several  years'  work,  I  realized  that  the  task  was  much  too  great  for 
the  time  at  my  disposal,  and  I  am  glad  to  say  that  the  work  is 
now  being  carried  on  by  a  Committee  of  the  British  Association. 

*  My  last  two  summers  have  been  devoted  to  work  in  the  far  North ; 
and  the  kind  encouragement  and  assistance  which  I  receive  to-day 
will  be  a  great  incentive  to  the  continuance  of  that  work  in  the 
future.' 


AWABD  OF  TUB  MuBOHISON  MeDAL. 

The  PBESiDKirr  then  handed  the  Murcbison  Medal  (awarded  to 
Mr.  Thomas  F.  Jamieson,  F.G.S.)  to  Mr.  Horace  B.  Woodward,  lor 
transmission  to  the  recipient,  addressing  him  as  follows : — 

Mr.  Horace  Woodward, — 

The  Murchison  Medal,  with  the  sum  of  Ten  Guineas,  has  this  year 
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been  awarded  by  the  Council  of  the  Geological  Society  to  Mr.  Thomas 
F,  Jamieson,  in  recognition  of  his  long  and  important  researches 
among  the  Glacial  Deposits  of  Scotland.  It  is  an  interestiog  fact 
that  Mr.  Jamieson's  first  papers  were  communicated  to  this  Society 
through  Sir  Roderick  Murchison,  the  founder  of  this  Medal.  From 
the  year  1858,  when  he  read  a  paper  before  the  Society  on  the  Pleisto- 
cene Deposits  of  Aberdeenshire,  up  to  the  present  time,  Mr.  Jamieson 
has  continued  his  researches  with  unabated  enthusiasm,  and  the 
Geological  Society  has  received  manyyaluable  communications  from 
him.  The  list  includes  papers  on  '  Drift  and  Rolled  Gravel  of 
Northern  Scotland '  in  1860,  and  *  lee-worn  Rocks  of  Scotland,'  1862, 
in  which  he  describes  great  erosion  by  ice-action  and  the  presence 
of  boulders  far  above  the  parent  rock,  and  gives  a  sketch-map  of 
Scotland  showing  the  direction  of  the  glacial  markings.  In  1863 
was  published  his  well-known  paper  on  the  Parallel  Roads  of  Glen 
Roy,  in  which  he  claims  that  they  are  beaches  of  freshwater  lakes — 
the  lakes  having  originated  from  glaciers  damming  the  mouths  of 
valleys  and  reversing  their  drainage.  Further  papers  on  Glacial 
questions  were  communicated  by  him  to  the  Society  in  1865,  1866, 
1871, 1874, 1882,  and  1891,  and  he  may,  I  think,  claim  to  have  done 
more  probably  than  any  other  man  for  the  Glacial  Geology  of  Scotland. 
It  must  not  be  forgotten  also  that  this  Society  always  received 
the  first  fruits  of  his  labours,  and  that  his  most  important  papers  are 
to  be  found  in  our  Quarterly  Journal.  These  papers  are  full  of  care- 
fully observed  facts,  and  abound  in  valuable  suggestions.  Many 
of  the  views  advocated  by  him  in  some  of  his  earlier  papers  have 
been  since  further  advanced  by  him  and  other  observers  in  this  and 
other  countries.  I  will  ask  you,  therefore,  to  be  good  enough,  in 
transmitting  this  Medal  to  Mr.  Jamieson,  to  express  to  him  the 
admiration  of  the  Council  for  the  energy  and  ability  with  which  he 
has  for  so  long  a  period,  and  with  such  signal  success,  prosecuted 
researches  amongst  the  newer  deposits  in  Scotland. 

Mr.  Horace  B.  "Woodwabd  replied  in  the  following  terms : — 
Mr.  President, — 

I  esteem  it  an  honour  to  receive  this  Medal  on  behalf  of 
Mr.  Jamieson,  for  no  one  has  laboured  more  ardently,  no  one  more 
successfully,  than  he,  in  interpreting  the  Pleistocene  records  of 
North  Britain.     He  bids  me  say : — 

'  I  regret  much  that  my  distance  from  the  metropolis  will  not 
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allow  me  to  be  present  at  the  Annual  Meeting  of  the  Society.  It 
has  also  prevented  me  from  taking  any  part  in  the  pleasant  Evening 
Meetings,  which  I  regret  oven  still  more.  I  think  I  have  been 
present  on  only  one  occasion,  and  that  was  before  I  became  a  Fellow 
of  the  Society,  which  is  a  good  long  while  ago. 

'  It  is  gratifying,  however,  to  find  that,  although  so.  far  away, 
and  so  little  known  personally  to  the  Council  of  the  Society,  they 
have  not  only  kept  me  in  remembrance,  but  have  done  me  the 
honour  of  awarding  to  me  the  Murchison  Medal.  This  I  shall  value 
the  more  as  it  recalls  the  recollection  of  the  warm-hearted  Sir 
Roderick,  from  whom  I  received  much  kind  attention  many  years 
ago.  Although  then  a  young  man,  and  quite  a  stranger  to  him,  I 
found  no  one  more  ready  to  help  me  in  every  way  that  he  thought 
would  be  useful.  This  was  a  bright  feature  in  his  character,  which 
struck  me  much  at  the  time,  and  has  always  kept  his^  memory 
green  in  the  breast  of  the  present  recipient  of  his  MedaL' 

I  may  add  that  I  am  sure  that  Mr.  Jamieson  will  be  gratified 
by  the  kindly  remarks  which  you  have  made  in  reference  to  his 
work. 


Award  of  the  Murchisok  Geological  Fund. 

In  handing  the  Balance  of  the  Proceeds  of  the  Murchison  Geolo- 
gical Fund  (awarded  to  Miss  J.  Donald,  of  Carlisle)  to  Mr.  E.  T. 
NBwroN  for  transmission  to  the  recipient,  the  Pbesident  addressed 
him  as  follows : — 

Mr.  Newton, — 

On  one  occasion  only  has  the  Geological  Society  previously  granted 
an  Award  from  its  Funds  to  a  lady.  This  was  in  the  year  1893, 
when  Miss  Baisin,  so  well  known  to  us  by  her  petrographical  and 
stratigraphical  work,  was  the  recipient.  On  the  present  occasion  a 
lady  who  has  attained  distinction  as  a  palaeontologist  has  been 
selected  by  the  Council  to  receive  an  award  from  the  Murchison  Fund, 
and  the  Fellows  generally  will,  I  feel  sure,  believe  that  in  making 
this  Award  to  Miss  J.  Donald  the  Council  has  acted  wisely  and 
justly.  In  the  Quarterly  Journal  of  this  Society  are  five  important 
papers  by  Miss  Donald.  The  first,  in  the  year  1887,  *  Notes  upon 
some  Carboniferous  Species  of  Murchwmia^^  was  followed  in  1889  by 
*  Descriptions  of  some  New  Species  of  Carboniferous  Gasteropoda  ' ; 
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in  1892,  by  *  Notes  on  some  New  and  Little-known  Species  of  Carbo- 
niferons  Afurchisonia  ' ;  in  1895,  by  ^  Notes  on  the  Genus  Mur^i- 
ionia  and  its  Allies  * ;  and,  in  the  forthcoming  Quarterly  Journal, 
by  *  Observations  on  the  Genus  AclUina^  de  Kon.,  with  Descriptions 
of  British  Species,  and  of  some  other  Carboniferous  Gasteropoda.' 

Previous  to  taking  up  the  study  of  fossil  shells,  which  I  understand 
she  did  at  the  instigation  of  one  of  our  Fellows,  Mr.  J.  G.  Goodchild, 
Hiss  Donald  had  well  prepared  herself  by  previous  studies  of  recent 
shells,  and  we  find  in  the  Transactions  of  the  Cumberiand  and 
Westmoreland  Association  of  Literature  and  Science,  so  far  bad:  as 
1881,  some  notes  by  her  on  the  ^  Land  and  Freshwater  Shells  of 
Cumberland.'  Miss  Donald  has  not  only  visited  very  many  of  the 
collections  in  this  country,  but  also  those  in  the  Continental  museums, 
for  the  purpose  of  studying  fossil  shells,  and  she  is  still  untiring  in  her 
Eeal  in  collecting  information  for  future  work.  When  transmitting 
this  Award  to  Miss  Donald  you  will  be  good  enough  to  say  that  the 
Council  hope  it  will  be  accepted,  not  only  as  a  token  of  appreciation 
of  the  excellent  work  which  she  has  already  accomplished,  but  in 
the  hope  that  it  may  be  some  incentive  to  her  to  continue  her 
pala&ontological  researches  among  the  Palseoxoic  rocks. 

Mr.  Newtow,  in  reply,  said : — 
Mr.  Pbbsident, — 

It  is  with  peculiar  pleasure  that  I  receive  this  Award  on  Miss 
Donald's  behalf,  for  it  is  a  rare  occurrence  for  a  lady  to  receive  one 
of  the  Society's  Awards,  and  having  for  some  years  watched  and 
appreciated  the  conscientious  and  painstaking  labour  by  which 
Miss  Donald  has  accomplished  a  very  admirable  piece  of  work,  it  is 
particularly  gratifying  to  find  that  this  work  has  met  with  the 
appreciation  of  the  Council  of  the  Geological  Society. 

As  Miss  Donald  cannot  be  present  to  receive  this  Award  personally, 
perhaps  I  may  be  allowed  to  read  an  extract  from  her  letter : — 

'Will  you  thank  the  President  and  Council  most  heartily  on 
my  behalf  for  the  great  honour  which  they  have  conferred  by 
awarding  to  me  the  Balance  of  the  Proceeds  of  the  Murchison  Fund  ? 
The  news  came  to  me  as  a  great  surprise,  for  I  had  previously  deemed 
it  no  email  honour  that  my  papers  should  have  been  considered 
worthy  of  publication  in  the  Quarterly  Journal  of  the  Society,  and 
this  higher  recognition  will  certainly  prove  an  encouragement  to 


Digitized  by 


Google 


VoL  54.]  AKNIYBBSABT  MBBTING LTBLL  MBDA.L.  xlv 

further  research  and,  I  hope,  better  work.  My  studies  have  been 
a  source  of  great  pleasure  to  me,  and  I  feel  that  there  is  still  much 
to  be  found  out,  even  with  regard  to  the  genus  Murchisonia^  to 
which  I  have  hitherto  devoted  the  greater  share  of  my  attention.' 


Award  of  the  Ltbll  Mbdal. 

The  President  then  handed  the  Lyell  Medal  (awarded  to 
Dr.  WiLHBLM  Waaoew,  F.G.S.,  of  Vienna)  to  Dr.  W.  T.  Blanpord 
for  transmission  to  the  recipient,  addressing  him  as  follows : — 

Dr.  Blakfobd, — 

Owing  to  ill-health,  Dr.  Waagen  is  unable  to  be  present  to 
receive  the  Lyell  Medal,  with  the  sum  of  Twenty-five  Pounds, 
which  the  Council  of  the  Geological  Society  have  awarded  to  him, 
in  appreciation  of  his  excellent  Palaeontological  work.  Just  20  years 
ago  (February,  1878)  Dr.  Waagen  was  a  recipient  of  the  Lyell 
Fund,  soon  after  his  retirement,  owing  to  ill-health,  from  the 
Geological  Survey  of  India ;  and  his  work  was,  on  that  occasion, 
referred  to  in  terms  of  great  admiration  by  the  then  President, 
Prof.  Martin  Duncan,  and  by  Dr.  Oldham,  who  was  deputed  to 
receive  the  Award  on  his  behalf.  Of  the  works  published  by 
Dr.  Waagen,  I  may  mention  an  important  paper, '  On  the  Classifi- 
cation of  Upper  Jurassic  Beds '  (those  of  Southern  England  included) 
in  1865,  and  in  1809  one  on  *  The  Subdivisions  of  Ammonites,' 
of  which  full  abstracts  appeared  in  the  Quarterly  Journal  of  this 
Society  in  1866  and  1870.  When  in  India  he  described  the 
ammonites  of  the  Kach  Jurassic  beds,  and  his  great  knowledge 
of  the  Ammonitide  enabled  him  to  work  out  the  succession  in 
detail.  Another  most  important  work  was  his  description  of  the 
fossils  from  the  Cambrian,  Carboniferous,  Permian,  and  Triassic  of 
the  Salt  Range  in  the  Panj&b,  and  his  account  of  the  geology  in 
the  '  PaUoontologia  Indica.'  His  untiring  devotion  to  his  work  is 
well  known  to  all  those  who  have  been  in  any  way  associated  with 
him,  and  his  careful  and  zealous  labours  have  placed  him  in  the 
front  rank  of  palaeontologists.  I  now  ask  you  to  be  good  enough 
to  forward  to  Dr.  Waagen  this  further  token  of  esteem,  with  every 
expression  of  goodwill,  from  the  Council  of  the  Geological  Society. 
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Dr.  Blakford  replied  in  the  following  terms : — 
Mr.  President, — 

1  am  glad  that  I  am  able  to  comply  with  the  request  of  my  old 
friend  and  colleagae  Dr.  Waagen,  that  I  would  represent  him  on  Una 
occasion  and  receive  for  him  the  Lyell  Medal  of  the  present  year. 

May  I  be  allowed  to  express  my  own  gratification  at  the  Award  ? 
Few  geologists,  I  think,  will  question  the  value  of  the  palseonto- 
logical  work  done  in  connexion  with  the  Geological  Survey  of  India 
since  that  Survey  was  first  organized  under  the  late  Dr.  Thomas 
Oldbam.  Dr.  Waagen  is  now  the  only  survivor  of  the  first  three 
Palaeontologists  who  between  them  occupied  the  post  from  1862 
to  1883.  As,  moreover,  Dr.  Waagen  has  been  continuously  engaged 
in  the  study  of  Indian  Palaeontology,  and  in  contributing  to  the 
Survey  publications,  from  the  date  when  he  first  joined  the  Indian 
Geological  Survey  to  the  present  day,  he  is  the  author  of  a  much 
larger  share  of  the  work  than  either  of  his  colleagues. 

As  you,  Sir,  have  already  stated,  the  Proceeds  of  the  Lyell  Fund 
were  awarded  to  Dr.  Waagen  just  20  years  ago,  in  1878.  There 
has  rarely,  I  believe,  been  an  occasion  on  which  the  intentions  of 
the  great  geologist  who  founded  this  Fund  have  been  more  thoroughly 
carried  out.  Sir  Charles  Lyell  desired  that  the  interest  of  this  Fund 
should  be  given  for  the  encouragement  of  Geology  or  of  any  of  the 
allied  sciences  by  which  Geology  has  been  most  materially  advanced. 
At  the  time  when  the  Fund  was  awarded  Dr.  Waagen  had  left  India, 
broken  in  health,  and  in  serious  difficulty  through  having  to  resign 
his  appointment  on  the  Indian  Survey,  on  account  of  his  inability 
to  resist  the  effects  of  a  tropical  dimate.  I  know  as  a  fact  that 
the  Award  was  a  great  encouragement  to  him,  and  I  think  that  the 
volumes  which  he  has  since  published  in  the  '  Palseontologia  Indica,' 
containing  his  descriptions  of  that  marvellous  series  of  Salt  Hange 
fossils  from  Lower  Cambrian  to  Trias,  and  his  masterly  summary 
of  the  Geological  results,  have  thoroughly  justified  the  Award  that 
was  made. 

In  a  letter  which  he  wrote  to  me  recently.  Dr.  Waagen  said  : 
<  The  decision  of  the  Geological  Society's  Council  to  award  to  me 
the  Lyell  Medal  is  extremely  gratifying,  and  I  have  to  express 
to  the  Society  my  most  heartfelt  thanks.  These  I  beg  you  to 
express  to  the  Society,  as  my  health  is  yet  too  untrustworthy 
for  me  to  go  to  London  and  do  so  myself.  I  hope  yet  to  do  some 
work,  though  my  chief  work  has  been  done.     I  hope  to  fin'ish  the 
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Indian  Trias;  the  Nautilidae  and  Gasteropoda  are  in  manuscript 
completed,  and  the  Pelecjpoda  wiU  soon  be  commenced.  I  expect 
to  finish  the  whole  by  the  end  of  this  year. 

'  The  Medal  will  give  me  a  new  impulse  to  go  on  with  the  work. 
....  So  I  beg  you  to  receive  it  on  my  behalf  and  to  express  my  most 
hearty  thanks  to  the  Society  for  it.' 

It  only  remains  for  me,  Sir,  to  thank  you  on  behalf  of  Dr.  Waagen 
for  having  added  to  the  value  of  the  Medal  by  the  manner  in  which 
you  have  spoken  of  his  services  to  science. 


AWAKD  OF  THE  LteLL  GEOLOGICAL  FuND. 

In  presenting  to  Mr.  H.  Woods,  M.A.,  F.G.S.,  a  moiety  of  the 
Balance  of  the  Proceeds  of  the  Lyell  Geological  Fund,  the  President 
addressed  him  as  follows : — 

Mr.  Woods, — 

The  Geological  Society  has  already  received  some  important  com- 
munications from  you,  and  I  hope  that  these  will  be  followed  by 
many  others.  In  your  paper  on  the  Igneous  Bocks  of  the  Neigh- 
bourhood of  Builth  you  have  successfully  applied  not  only  your 
petrological  knowledge,  but  also  your  palseontological  experience 
in  working  out  the  stratigraphy  of  an  interesting  and  complicated 
region ;  and  your  papers  on  the  Fossils  of  the  Middle  Chalk  are 
very  valuable  contributions  to  the  study  of  the  Fauna  of  the  British 
Cretaceous  Eocks.  Your  'Catalogue  of  Type  Fossib  in  the 
Woodwardian  Museum '  is  indispensable  to  all  working  palaeonto- 
logists ;  and  your  *  Elementary  PaJaeontology,'  written  primarily  for 
Cambridge  students,  has  been  found  so  useful  that  it  is  now,  I 
understand,  adopted  as  a  text-book,  not  only  in  many  places  in 
Britain,  but  also  in  the  Colonies  and  in  America.  I  have  much 
pleasure  in  handing  to  you  this  Award  on  behalf  of  the  Council  of 
the  Geological  Society,  in  testimony  of  their  appreciation  of  your 
past  work,  and  in  the  hope  that  it  may  be  of  some  aid  to  you  in 
your  future  labours. 

Mr.  Woods,  in  reply,  said  : — 

Mr.  Pbbsident, — 

It  is  with  much  pleasure  and  gratitude  that  I  receive  this  Fund 
which  the  Council  have  been  good  enough  to  award  me ;  and  I  can 
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assare  yoa,  Sir,  that  I  shall  lose  no  opportunity  of  continuing  the 
work  to  which  you  have  referred.  Although  the  greater  part  of 
my  time  is  occupied  hy  official  duties  in  the  lecture-room  and 
museum,  yet  it  is  encouraging  to  hope  that,  as  a  teacher,  I  may  be 
an  indirect  means  of  helping  forward  palseontological  investigation. 
In  my  '  Catalogue  of  Type  Fossils  in  the  Woodwardian  Museum,' 
of  which  you  have  so  kindly  spoken,  I  endeavoured  to  give  not 
only  a  list  of  types,  but  also  a  record  of  the  persons  who  have 
enriched  the  collections  in  our  Museum,  and  among  those  bene- 
factors you,  Sir,  occupy  a  prominent  place. 

The  PBESiDEirT  then  presented  the  other  moiety  of  the  Balance  of 
the  Proceeds  of  the  Lyell  Geological  Fund  to  Mr.  W.  H.  Shbubsolb, 
F.G.S.,  addressing  him  as  follows  : — 

Mr.  Shbubsole, — 

For  many  years  your  name,  as  well  as  that  of  two  of  your 
brothers,  has  been  well  known  to  the  Fellows  of  this  Society,  and 
it  is  a  pleasure  to  me  to  hand  to  you,  on  behalf  of  the  Council,  this 
moiety  of  the  Lyell  Fund,  in  testimony  of  the  valuable  services 
rendered  by  you  to  Geological  Science. 

Although  during  your  long  residence  at  Sheemess  yon  were 
engaged  in  business,  you  lost  no  opportunity  of  advancing  the 
science  of  Geology,  to  which  you  had  become  so  ardently  attached, 
and  by  your  exertions  you  greatly  added  to  our  knowledge  of  the 
Fauna  and  Flora  of  the  Lower  Eocene  of  the  Isle  of  Sheppey. 

Among  your  discoveries,  which  have  been  described  in  ihe 
Quarterly  Journal  of  this  Society,  may  be  mentioned  the  wing- 
bones  and  skull  of  a  bird  allied  to  the  albatross,  named  by  Owen 
Argillomis  longipennis  (Quart.  Journ.  Geol.  Soo.  1878);  a  new- 
genus  and  species  of  Estuarine  Gasteropods,  described  by  lient- 
Col.  Godwin- Austen  in  1882 ;  and  the  remains  of  a  giant  turtle, 
named  by  Owen  Chelone  gigas  (Quart.  Journ.  Geol.  Soc  1889). 
I  understand  that  your  collections  of  fossil  fruits  were  also  of 
great  use  to  Baron  von  Ettingshausen  and  Mr.  Starkie  Gardner 
in  working  out  the  Flora  of  the  Eocene  ;  and  that  all  your  choicest 
specimens  (including  another  new  bird's  skull)  have  been  invariably 
transmitted  to  the  British  Museum  so  soon  as  discovered.  Those 
who  are  acquainted  with  your  labours  will  feel  that  this  Award  of 
the  Council  has  been  given  to  a  thoroughly  meritorious  fellow- 
worker,  and  a  most  patient  original  scientific  investigator. 
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Mr.  Shbubsolb  replied  in  the  following  tenns : — 
Mr.  Pbesidbnt, — 

This  part  of  the  present  proceedings  has  made  me  realize  that 
once  again  in  my  experience,  the  unexpected  has  happened.  Only 
this  time,  unlike  many  previous  experiences,  the  unlooked-for 
circumstances  are,  so  far  as  I  am  concerned,  entirely  pleasaut 
and  heneficial.  In  view  of  what  has  happened,  I  am  constrained 
to  say  that  it  affords  me  very  great  gratification  that  this*  dis- 
tinguished Society  has  seen  fit  to  include  me  in  its  roll  of  honour, 
and  to  present  me  with  a  substantial  mark  of  its  favour. 

It  is,  indeed,  very  pleasant  to  me  to  find  that  the  geological  work 
carried  on  quietly  and  alone  for  a  good  many  years  has  now  received 
ample  recognitiou,  and  has  had  the  stamp  of  your  approval  bestowed 
upon  it.  Although  I  had  no  co-workers  in  Sheppey  from  whom  to 
derive  encouragement  and  assistance,  yet  I  always  met  with  kind 
and  helpful  attention  from  all  geologists  with  whom  occasionally 
I  came  in  contact.  I  have  never  applied  to  any  Fellow  of  this 
Society,  or  to  any  official  of  our  Museums,  for  help  in  the  deter- 
mination of  specimens,  without  obtaining  all  that  I  wanted ;  and 
the  value  of  this  was  enhanced  by  the  extremely  courteous  way  in 
which  it  was  rendered. 

There  are  gentlemen  here — ^there  are  others  who  have  passed 
away — whom  I  shall  always  remember  with  gratitude,  for  having 
thus  assisted  me  when  I  was  a  geological  neophyte.  As  to  the 
future,  I  hope  that  I  may  be  able  to  render  some  further  scientific 
service. 

It  is  true,  as  you  can  see,  that  I  am  no  longer  troubled  with  the 
immaturity  of  youth,  yet  I  feel  that  a  reserve  of  energy  remains, 
for  which  I  hope  opportunity  of  exercise  may  still  be  found. 

Although  I  no  longer  reside  in  Sheppey,  I  am  keeping  in  touch 
with  the  locality  and  am  well  represented  there.  You  may  rely 
upon  it  that  no  new  or  rare  fossib  will  escape  notice,  through  any 
lack  of  attention  on  the  part  of  my  helpers  or  myself.  In  this, 
and  in  other  ways,  I  hope  to  manifest  a  keen  interest  in  geological 
pursuits  so  long  as  life  shall  last. 
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Award  of  thb  Bablow-Jambsoh  Fukd. 

In  presenting  to  Mr.  E.  Qeebklt,  F.G.8.,  a  portion  of  the 
Proceeds  of  the  Barlow-Jameson  Fnnd,  the  Pbesideht  addressed  him 
as  follows : — 

Mr.  Gheeklt, — 

The  Conncil  of  the  Geological  Society  have  awarded  to  you  the 
snm  of  Twenty  Pounds  from  the  Barlow- Jameson  Fund,  in  recog- 
niti^  of  your  scientific  labours,  and  to  aid  you  in  the  important 
researches  which  you  are  now  so  assiduously  carrying  on  amongst  the 
older  rocks  in  Anglesey.  The  experience  which  you  gained  when 
on  the  staff  of  the  Geological  Survey  in  the  North-west  of  Scotland 
has  enabled  you  already  to  attack  very  successfully  some  of  the 
problems  connected  with  the  older  rocks;  and  many  are  looking 
forward  with  great  interest  to  the  further  results  of  your  labours. 
I  must  not  omit  to  mention  that,  although  no  longer  a  Member  of 
the  Geological  Survey,  you  have  continued  to  work  as  assiduously, 
and  with  the  same  attention  to  minute  details,  as  when  on  that  staff; 
and  that  the  expenses,  which  must  have  been  considerable,  have 
been  hitherto  defrayed  out  of  your  private  income.  This  is  a  strong 
testimony  to  the  love  which  you  entertain  for  that  science  which  yon 
were  led  to  adopt  as  a  profession  mainly,  I  believe,  through  attending 
the  lectures  of  Prof.  Bonney  at  University  College,  London.  It  gives 
me  great  pleasure  to  hand  you  this  Award  on  behalf  of  the  Council. 

Mr.  Gbbenlt,  in  reply,  said  : — 
Mr.  Pbesident, — 

I  wish  to  express  my  sincerest  thanks  to  the  Council  of  this 
Society  for  the  great  honour  which  they  have  conferred  upon 
me.  It  is  also.  Sir,  an  additional  pleasure  to  receive  it  at  your 
hands,  when  I  think  of  your  own  pioneer  researches  in  the  same 
field.  With  regard  to  my  own  work,  its  present  field  was  chosen 
because  I  wished  to  continue  to  utilize  the  experience  and  training 
for  which  I  am  so  deeply  indebted  to  the  G^logical  Survey.  Mapping 
itself  I  continue  to  do,  not  merely  because  I  have  faith  in  it  as  a 
method  of  research,  but  because  it  is  a  pleasure — because  I  know 
no  more  delightful  employment.  Nevertheless  it  is  a  method  which 
involves  much  that  might  be  called  drudgery,  with  no  apparent 
reward.  At  such  times  this  Award  will  ever  be  an  encouragement 
to  persevere,  as  I  hope  to  do  while  I  have  strength  and  opportunity. 
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THE  ANNIVERSARY  ADDRESS  OF  THE  PRESIDENT, 

Hbkrt  Hicks,  M.D.,  F.R.S. 
Gkntleubn, — 

Many  well-known  names  have  been  removed  bj  death  from  our 
list  during  the  past  year,  and  among  them  we  have  to  regret  the  loss 
of  such  active  workers  in  science  as  Prof.  A.  L.  0.  Des  Cloizeaux, 
the  eminent  French  mineralogist  and  WoUaston  Medallist ;  Prof. 
E.  D.  Cope,  the  distinguished  American  palaeontologist  and  biologist 
and  Bigsby  Medallist;  our  much  revered  friend,  the  Rev.  P.  B. 
Brodie,  who  had  been  for  63  years  a  Fellow  of  the  Society,  was  a 
Murchison  Medallist,  and  an  indefatigable  worker  iu  the  cause  of 
Science  to  the  end  of  his  long  life ;  the  amiable  and  patient  Samuel 
Allport,  a  Lyell  Medallist,  and  one  of  the  pioneers  in  microscopic 
petrology  ;  Prof.  Steenstrup,  of  Copenhagen,  elected  a  Foreign 
Member  of  this  Society  in  1879  ;  Dr.  T.  C.  Winkler,  of  Haarlem, 
and  Dr.  0.  F.  von  Fraas,  Foreign  Correspondents.  Of  those 
who  had  taken  an  active  part  in  the  work  of  the  Society  or  had 
contributed  papers  to  the  Quarterly  Journal,  I  must  specially 
mention  the  veteran  J.  Carrick  Moore,  who  recently  died  at  the  age 
of  93,  was  elected  a  Fellow  of  the  Society  in  1838,  served  no  less 
than  26  years  on  the  Council  and  7  years  as  Secretary — a  co-worker 
with  Sedgwick,  Murchison,  and  Lyell  in  the  heroic  days  of  British 
geology.  Also  the  genial,  versatile  and  highly-accomplished  Pro- 
fessor at  Trinity  College,  Dublin,  Samuel  Haughton  ;  the  Rev.  Dr. 
Robert  Hunter ;  the  Rev.  J.  E.  Cross ;  Thomas  Tate  ;  G.  T.  Clark  ; 
and  Lt.-Colonel  Cooper  King.  Among  those  who  do  not  appear 
to  have  contributed  papers,  but  had  achieved  distinction  in  other 
branches  of  Science,  occur  the  names  of  Sir  A.  WoUaston  Franks, 
the  learned  archaeologist  and  President  of  the  Society  of  Antiquaries ; 
Sir  James  Ramsay  Gibson-Maitland,  one  of  the  leading  pisoicol- 
turistfi  of  the  day,  and  a  not  unfrequent  attendant  at  our  meetings  ; 
Prof.  Henry  Drummond,  the  popular  scientific  writer ;  Sir  Henry 
Ayers,  who  was  seven  times  Premier  of  South  Australia ;  Mr.  James 
Heywood,  the  colleague  of  Richard  Cobden  in  the  establishment  of 
the  Manchester  Athenaeum,  and  who  was  mainly  instrumental 
when  in  Parliament  in  obtaining  the  abolition  of  theological  tests 
at  Universities ;  and  Mr.  Samuel  Laing,  who  was  second  wrangler 
and  second  Smith's  Prizeman  in  1832,  a  scientific  writer  of  much 
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power,  for  m&ny  yean  an  active  member  of  Parliament  and  Chairman 
of  the  London,  Brighton,  and  South  Coast  Eailway  Company.  Full 
obituary  notices  of  those  here  briefly  enumerated,  as  well  as  of  sereral 
other  deceased  Fellows,  will  be  found  in  the  following  pages. 

AxFRBB  L.  0.  Dbb  Cloizbaux,  Membre  de  llnstitut  de  France, 
Foreign  Member  of  the  Royal  Society,  and  Professor  of  Mineralogy 
in  the  Museum  of  Natural  History,  Paris,  was  elected  a  Foreign 
Member  of  this  Society  in  1884.  He  received  the  WoUaston  Medal 
in  1886.  Sir  Wariugton  Smyth,  when  receiving  the  Medal  on 
behalf  of  M.  Des  Cloizeauz,  said, '  It  is  more  especially  in  the  wide 
and  successful  application  of  Wollaston's  invention  of  the  Reflection 
Goniometer  that  Des  Cloizeaux  has  attained  so  deserved  an  emi- 
nence, foUowing  closely  upon  the  steps  of  Prof.  Miller,  to  whom, 
in  his  admirable  manual,  he  pays  so  high  a  compliment.'  Dee 
Cloiseaux's  flrst  paper  was  published  54  years  ago,  and  was 
the  beginning  of  a  long  series  treating  of  the  forms  and  optical 
characters  of  crystals.  After  being  Professor  of  Mineralogy  for 
eighteen  years  at  the  £cole  Normale  Sup^rieure,  he  was  appointed 
to  the  charge  of  the  minerals  at  the  Musee  d'Histoire  Naturelle,  in 
which  office  he  remained  until  he  reached  the  limit  of  age  pre- 
scribed by  the  rules  of  the  French  Civil  Service.  His  fame  rests 
upon  the  thoroughness  and  accuracy  of  his  systematic  investigation 
of  the  crystals  of  minerals,  more  especially  as  regards  their  optical 
properties.  The  results  are  incorporated  in  his  'Manuel  de 
Mincralogie,'  a  standard  book  of  reference.  Prof.  Des  Cloizeaux 
died,  in  the  80th  year  of  his  age,  in  May  1897. 

The  following  is  taken  from  a  speech  by  M.  A.  Damour,  his 
intimate  friend  and  co-wOrker  for  53  years: — 'In  everything  he 
applied  himself  to  the  spread  of  all  that  he  deemed  useful,  just, 
and  wise.  All  those  who  knew  him  honoured  him  and  loved  him. 
His  name  as  a  savant  remains  in  the  history  of  mineralogy ;  he 
there  occupies  the  most  honourable  place  among  the  founders  of 
this  science,  and  among  those  who  have  contributed  to  its  pro- 
gress and  advancement.' 

The  death  of  Edwabd  Drinxeb  Copb  on  April  14th,  1897, 
at  the  comparatively  early  age  of  57,  removed  from  our  list  of 
Foreign  Correspondents  a  highly-gifted  biologist  and  one  of  the 
best  known  American  men  of  science.  He  was  bom  in  Philadelphia, 
July  28th,  1840;  he  attended  school  in  his  native  city,  and  also 
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studied  for  a  brief  period  in  the  University  of  Pennsylvania 
Medical  School.  At  23  he  travelled  abroad,  and  at  24  he 
was  elected  Professor  in  Haverford  College,  a  position  he  soon 
resigned.  Later  he  became  connected  with  the  Wheeler  and  the 
Hayden  United  States  Geological  Surveys.  In  1878  he  assumed 
the  editorship  of  the  '  American  Naturalist.'  He  held  a  professor- 
ship in  the  University  of  Pennsylvania  and  the  presidency  of  the 
American  Association  for  the  Advancement  of  Science  at  the  time 
of  his  death. 

The  following  quotations  are  taken  from  an  article  in  the 
•  Century  Magazine '  of  November  1897,  by  his  friend  Prof. 
Henry  Fairfield  Osbom : — '  His  range  of  study  extended  with 
astonishing  rapidity — first  among  the  living  reptiles  and  amphibians, 
then  among  living  and  Palseozoio  fishes,  then  among  the  great 
extinct  reptiles  of  New  Jersey  and  the  Eocky  Mountains,  finaUy 
among  the  ancient  American  quadrupeds.  He  acquired  in  turn  a 
masterly  knowledge  of  each  t3rpe.  Irreverent  toward  old  systems, 
eager  and  ambitious  to  replace  them  by  new  ones  of  his  own,  with 
unbounded  powers  of  hard  work,  whether  in  the  field  or  at  his 
desk,  he  rapidly  became  a  leading  spirit  among  the  workers  in  the 
great  realm  of  the  backboned  creation,  both  in  America  and  Europe. 
While  inferior  in  logic,  he  showed  Huxley's  unerring  vision  of  the 
most  distinctive  feature  in  a  group  of  animals,  as  well  as  the  broad 
grasp  of  Cuvier  and  of  Cuvier's  famous  English  disciple,  Owen. 
....  He  was  fortunate  in  recording  the  discovery  in  North-western 
New  Mexico  of  by  far  the  oldest  quadrupeds  known,  in  finding 
among  these  the  most  venerable  monkey,  in  describing  to  the  world 
hundreds  of  links — in  fact,  whole  chains — of  descent  between  the 
most  ancient  quadrupeds  and  what  we  please  to  call  the  higher 
types,  especially  the  horses,  camels,  tapirs,  dogs,  and  cats.  He 
laboured  successfully  to  connect  the  reptiles  with  the  amphibians, 
and  the  latter  with  the  fishes,  and  was  as  quick  as  a  flash  to  detect 
in  the  paper  of  another  author  the  oversight  of  some  long-sought 
link  which  he  had  been  awaiting.  Thus,  in  losing  him,  we  have 
lost  our  ablest  and  most  discerning  critic.  No  one  has  made  such 
profuse  and  overwhelming  demonstration  of  the  actual  historical 
working  of  the  laws  of  evolution,  his  popular  reputation  perhaps 
resting  most  widely  upon  his  practipal  and  speculative  studies  in 
evolution. 

*  Many  friends  in  this  country  and  abroad  have  spoken  of  the 
invigorating  nature  of  his  companionship.    A  life  of  intense  activity, 
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harassed  for  long  periods  by  many  difficulties  and  obstacles,  many 
of  them  of  his  own  making,  was  nevertheless  wholly  without  worry, 
that  destroyer  of  the  mind  so  common  in  our  country.  This  half- 
century's  enjoyment  of  research,  extending  from  his  7th  to  his 
57th  year,  can  only  be  described  in  its  effects  upon  him  as 
buoyant;  it  lifted  him  far  above  disturbance  by  the  ordinary 
matters  of  life,  above  considerations  of  physical  comfort  and 
material  welfare,  and  animated  him  with  a  serene  confidence  in  the 
rewards  which  Science  extends  to  her  votaries/ 

JoHA5K6S  Japbtus  Smith  Stbbnstbitp,  Profcssor  of  Zoology  in 
the  University  of  Copenhagen,  who  was  elected  a  Foreign  Member 
of  this  Society  in  1879,  died  in  that  city  on  June  20th,  1897.  He 
was  born  on  March  8th,  1813,  and  became  an  undergraduate  in 
1832.  His  principal  teachers  at  the  University  were  Forchhammpr^ 
B«inhardt,  and  Schouw,  whose  researches  in  geology,  zoology,  and 
botany  exerted  a  stimulating  influence  on  the  direction  taken  by 
Steenstrup  in  his  studies.  In  1837  he  wrote  his  memoir  *  On  the 
Conditions  under  which  Coniferous  Stems  occur  in  our  Peat- 
mosses,' which  was  further  elaborated  in  his  epoch-making  treatise 

*  Geognostic  and  Geological  Enquiry  into  the  Evidence  of  Forest- 
beds  and  Small  Peat-mosses,'  published  in  1840.  This  work, 
together  with  the  well-known  memoir  published  in  the  following 
year  'On  the  Alternation  of  Generations,'  laid  the  bases  of 
Steenstrup's  reputation  in  the  world  of  natural  science,  and  thii 
was  further  strengthened  after  1848  by  his  studies  on  Kitchen- 
middens. 

Of  man's  immigration  and  development  he  found  evidence  in 
the  peat-mosses,  and  with  that  discovery  his  interest  in  archseology 
waxed  strong.  And  so  during  the  ensuing  half-century  of  his 
life  he  spent  much  of  his  activity  on  that  science,  publishing  in 
1893  and  1895  the  fruits  of  his  long-continued  investigations  in 
the  form  of  the  voluminous  archaeological  works  *  The  Great  Silver 
Find  at  Gundestrup,'  and  *  The  Tak-Lungta  Braoteates.'  In  his 
latter  days,  too,  he  busied  himself  with  questions  of  Quaternary 
Geology,  whereof  the  following  paper  among  others  bears  witne* ; 

*  On  the  Glacial  Period  in  the  North,  especially  its  Dwindling  and 
Final  Cessation.'  This  was  read  on  Nov.  4th,  1892,  before  the 
Scientific  Society  of  Denmark  by  its  author,  who  had  been  for 
50  years  an  associate  and  member;  and  a  later  portion  was 
published  in  1896  in  the  Society's  *  Ofversigt.' 
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If  we  take  a  hurried  survey  of  Steenstrup's  activity  as  an  author, 
we  see  at  the  first  glance  that  it  was  spread  over  many  fields 
without  intimate  relationship,  such  as  zoology  (in  part  very 
specially),  geology,  and  archaeology,  and  even  purely  historical 
work.  But  on  a  nearer  view  it  will  he  seen  that  thero  is  a  leading 
thought,  on  which,  as  on  a  thread,  are  strung  together  studies 
seemingly  devoid  of  ensemble.  From  hiological  researches  there  is 
no  far  cry  to  geology,  and  thence  the  path  leads  easily  on  to 
archaeology  and  to  the  nearly-related  byways  of  history.  Steen- 
strup's  broad  mind  knew  no  artificial  boundaries  between  all  these 
sciences. 

Steenstrup  undertook  in  1839-40  a  journey  to  Iceland,  and  on 
his  return  became  Reader  at  the  Soro  Academy,  whence  in  1845  he 
was  transferred  to  the  University  of  Copenhagen  as  Professor  of 
Zoology,  which  post  he  retained  till  1885. 

The  Royal  Academy  of  Sciences  of  Stockholm  elected  him  a 
Foreign  Member  in  1857,  and  our  own  Royal  Society  a  Foreign 
Member  in  1863.  At  the  Lund  Jubilee  Celebration  in  186^  he 
was  called  to  the  honorary  degree  of  Doctor  in  Philosophy,  and  he 
was  elected  Foreign  Member  of  the  Stockholm  Geological  Society 
in  1874. 

Tiberius  Cornelius  Winkler,  Curator  of  the  Teyler  Museum,' 
Haarlem,  was  elected  a  Foreign  Correspondent  of  this  Society  in 
the  year  1874.     He  died  on  July  18th,  1897. 

Dr.  Winkler  was  the  author  of  many  palseontological  papers : 
among  others,  those  on  fossil  chelonia,  published  in  1869,  and  on 
fishes,  crinoids,  pterodactyls,  and  plesiosaurs,  which  appeared  in  the 
*  Archives  du  Musee  Teyler,'  1869-1883,  and  in  the  Haariem 
Nat.  Hist.  Soc.  Proc.  1861-1862.  He  also  devoted  considerable 
attention  to  the  newer  deposits  of  the  Netherlands. 

Oscar  F.  von  Fraas,  who  died  on  November  22od,  1897,  was 
elected  a  Foreign  Correspondent  of  this  Society  only  a  few  days 
before  his  death.  He  had  been  in  failing  health  for  some  time 
previously.  Dr.  von  Fraas  was  born  at  Lorch,  in  Wiirtemberg,  on 
January  17th,  1824.  He  received  his  education  at  the  University 
of  Tubingen.  While  there  he  came  under  the  infiuence  of 
Quenstedt,  who  inspired  him  with  zeal  in  the  study  of  geology  and 
paloeontology.  He  subsequently  studied  in  Paris  under  d'Orbigny 
and  £lie  de  Beaumont.     In  1854  he  was  appointed  Conservator  of 
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the  minerals  and  fossils  in  the  Boyal  Wurtemberg  Maseiim,  an 
office  which  he  continued  to  hold  until  a  few  years  ago.  His 
researches  were  mainly  confined  to  the  kingdom  of  Wiirtemberg ; 
but  he  also  made  two  journeys  through  Syria,  and  described  the 
results  in  his  work  *  Aus  dem  Orient/  He  did  much  to  form  the 
rich  collection  in  the  Museum  at  Stuttgart,  and  interested  himself 
in  many  researches  beyond  his  special  subjects.  He  wrote,  among 
other  papers,  *  Die  Fauna  von  Steinheim,'  1870,  and  '  Geognostische 
Besohreibung  von  Wiirttemberg,'  1882. 

The  Rev.  Eobbrt  Hunter,  M.A.,  LL.D.,  died  on  February  25th, 
1897,  at  his   residence.  Forest  Retreat,   Epping   Forest,   in   the 
74th  year  of  his  age.     He  was  educated  at  Aberdeen  University 
and  the  New  College,  Edinburgh.     On  quitting  Aberdeen  he  went 
out  as  a  tutor  to  the  Bermudas,  devoting  his  spare  time  to  the 
study  of  the  natural  history  of  those  islands.     An  introduction  to 
Prof.  Owen  led  him  to  make  a  collection  of  the  corals.     In  this  he 
was  very  successful,  and  in  1845  he  brought  back  excellently  pre- 
served examples   of  the  *  Brain  Coral '  with  the  animal,    which 
Owen  declared  to  be  the  finest  specimens  that  at  that  time  had 
reached  this   country.     Afterwards   he   went  to  Nagpur,  India, 
as  a  missionary  of  the  Free  Church  of  Scotland,  and  with  his 
colleague,  the  Rev.  Stephen  Hislop,  he  explored  the  geology  of  that 
region,  publishing  the  results  as  a  joint  memoir  in  the  Journal  of 
this  Society.     After  a  few  years'  active  work  in  India  he  returned 
home,  on  account  of  serious  illness.     On  his  recovery  he  devoted 
himself  to  literary  work,  and  published  a  school  history  of  India  and 
a  history  of  the  missions  of  the  Free  Church.      From  1864  to 
1866  he  was  resident  tutor  in  the  Theological  College,  Queen- 
square,  London.     Retiring  from  this  position  he  devoted  himself  to 
the  chief  work  of  his  life,  the  <  Encyclopaedic  Dictionary,'  for  which 
he  was  specially  fitted  by  his  linguistic  attainments.     He  was  not 
only  well  versed  in  Latin,  Greek,  and  Hebrew,  but  his  residence  in 
India  added  a  knowledge  of  Hindustani,  and  he  also  studied  Arabic 
He  devoted  17  years  to  the  preparation  of  his  dictionary  before  he 
began  to  publish.     The  work  was  issued  by  Messrs.  Cassell  &  Co., 
and  commanded  much  attention.     The  mineral  *hunterite'  was 
named  after  Dr.  Hunter  by  the  Rev.  Prof.  Haughton,   and   he 
was  elected  a  Fellow  of  this  Society  in  1868.     Those  who  knew 
Dr.  Hunter  personally  speak  of  him  with  much  affection  as  an 
amiable,  unselfish  man,  endowed  with   'vast   stores  of  learning 
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which  were  at  the  command   of    anyone  who  might    ask    hb 
help; 

Beookb  Cunlippb,  J.P.,  died  at  St.  Asaph,  North  Wales,  on 
Fehruary  27th,  1897,  in  his  82nd  year.  He  had  foimerly  heen  in 
the  Madras  Civil  Service.  Mr.  Brooke  Canliffe  was  elected  into  the 
Society  in  1845,  and  had  therefore  been  a  Fellow  for  over  50  years. 

Thomas  White  Collard,  who  was  one  of  the  oldest  Fellows  of 
the  Society,  having  been  elected  in  the  year  1836,  died  in  February 
1897.     He  had  resided  for  many  years  at  Heme  Bay,  Kent. 

The  Rev.  J.  E.  Cross,  M.A.,  F.R.A.S.,  Prebendary  of  Lincoln,  and 
brother  of  Viscount  Cross,  died  at  Scarborough  on  February  28th, 
1897.  He  was  educated  at  Christ  Church,  Oxford,  and  was 
appointed  to  the  curacy  of  Bolton-le-Moors  in  1846.  Three  years 
later  he  became  curate  of  Appleby,  near  Brigg,  in  Lincolnshire,  and 
he  was  presented  to  the  vicarage  in  1856.  In  this  quiet  village 
he  lived  and  laboured  for  35  years,  retiring  in  1891  to  Grange- 
over- Sands. 

To  geologists  Mr.  Cross  is  known  as  the  author  of  an  excellent 
paper  on  'The  Geology  of  North-west  Lincolnshire'  (Quart. 
Joum.  Geol.  Soc,  vol.  xxxi,  1875,  pp.  115-130.  Appendix  by  R. 
Etheridge).  In  this  work  he  described,  for  the  first  time  in  detail, 
the  Jurassic  formations  from  the  Lower  Lias  to  the  Combrash, 
in  the  area  bordering  the  southern  shore  of  the  Humber  between 
the  rivers  Trent  and  Ancholme.  It  was,  as  he  remarked, '  a  corner 
of  the  land  unknown  to  fame '  until  the  discovery  of  the  valuable 
iron-ore  in  the  Lower  Lias  at  Frodingham.  Long  and  diligently 
had  Mr.  Cross  worked,  as  shown  by  his  careful  record  of  facts  and 
the  numerous  fossils  which  he  had  collected.  Among  these,  several 
new  species  of  mollusca  were  described  by  Mr.  Etheridge.  Mr.  Cross 
was  elected  a  Fellow  of  this  Society  in  1867.  He  was  bom  in  1821, 
and  married  in  1854  Elizabeth,  daughter  of  the  late  Admiral  Sir 
Phipps  Hornby, 

Prof.  Hkkrt  Drukmond,  LL.D.,  F.R.S.E.,  was  a  son  of  Mr.  Henry 
Drummond,  J.P.,  of  Stirling.  He  was  born  in  1851,  and  received  his 
education  first  at  Edinburgh  University,  afterwards  at  Tiibingen. 
He  became  a  minister  of  the  Free  Church  of  Scotland,  and,  after  a 
short  stay  in  a  mission -station  at  Malta,  was  appointed  in  1877 
Lecturer  in  Science  at  the  Free  Church  College  in  Glasgow,  being 
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placed  in  charge  also  of  a  working-men's  mission  in  that  city.  In 
1884  he  was  raised  to  the  rank  of  Professor  at  the  College.  He 
had  travelled  much.  With  Sir  Archibald  Geikie  he  went  on  a 
geological  expedition  to  the  Rocky  Mountains,  as  well  as  to  Africa ; 
and  he  had  also  visited  more  recently  Australia,  China,  and  Japan. 
In  his  book  'Tropical  Africa,'  he  gives  a  lively  and  eminently 
readable  account  of  his  travels  in  the  interior  of  that  continent.  It 
showed  him  to  be  an  acute  observer,  with  a  faculty  for  giving 
vivid  accounts  of  what  he  saw  and  learnt,  and  perhaps  it  was,  on 
the  whole,  the  most  generally  popular  of  his  works.  Many  of  his 
theories — that  on  the  subject  of  native  labour,  for  instance— excited 
much  opposition ;  he  even  went  so  far  as  to  look  forward  to  the 
time  when  the  African  elephant  would  be  extinct,  because  he 
believed  that  the  slave-traffic  and  trade  in  ivory  were  inseparably 
bound  together.  But  the  book  was  too  graphic  and  too  accurate  to 
suffer  much  from  the  extreme  views  of  its  author  on:  a  few 
questions  of  this  kind,  and  it  remains  one  of  the  best  and  most 
fascinating  books  of  its  class,  so  far  as  the  general  reader  is  con- 
cerned. His  well-known  work,  'Natural  Law  in  the  Spiritual 
World,'  has  passed  through  many  editions  and  has  been  translated 
into  French,  German,  Dutch,  and  Norwegian,  He  was  elected  a 
Fellow  of  this  Society  in  1877.  He  died  on  March  11th,  1897,  at 
Tunbridge  Wells,  having  been  in  weak  health  for  some  time 
previously. 

Thomas  Tate  died  on  April  27th,  1897.  He  communicated  a  paper, 
'  Notes  on  Recent  Borings  for  Salt  and  Coal  in  the  Tees  District,' 
to  the  Society  in  1892,  and  other  papers  to  the  Proceedings  of  the 
Yorkshire  Geological  Society  and  the  '  Naturalist.'  He  resided  at 
Leeds,  and  was  elected  a  Fellow  of  this  Society  in  1879. 

Sir  AuGUsirs  Wollastok  Franks,  K.C.B.,  President  of  the 
Society  of  Antiquaries,  died  in  London,  on  May  21st,  1897,  after 
some  weeks*  illness,  in  his  72nd  year. 

Sir  A.  W.  Franks  was  the  elder  son  of  Captain  Frederick 
Franks,  R.N.,  and  Frederica,  daughter  of  Sir  John  Sebright.  He 
was  born  in  1826  at  Geneva,  where,  and  at  Rome,  his  parents  lived 
during  his  boyhood,  and  received  his  education  at  Eton  and  at  Trinity 
College,  Cambridge.  Even  in  his  college  days  he  developed  the 
taste  for  mediaeval  archaeology,  upon  which  in  later  life  he  became 
the  leading  authority,  and  he  published   in   1849   a  volume  of 
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•  Ornamental  Glazing  Quarries/  containing  many  drawings  by  his 
own  hand.     At  the  same  time  he  began  his  extensive  collection  of 
nibbings  of  monumental  brasses  which  was  eventually  presented  to 
the  Society  of  Antiquaries.    He  acted  as  Secretary  of  the  Exhibition 
of  Mediaeval  Art  held  at  the  Society  of  Arts  in  1850,  the  first  of 
many  similar  displays,  and  it  was  probably  the  knowledge  of  the 
subject  which  he  then  showed  that  led  Mr.  Hawkins,  the  Keeper  of 
the  Department  of  Antiquities  at  the  British  Museum,  to  propose 
that  he  should  enter  the  Museum  as  an  assistant,  which  he  did  in 
the  year  1851.    The  department  was  then  a  mere  collection  of  odds 
and  ends ;  when  Sir  A.  W.  Franks  retired  it  occupied  more  than 
one-half  of  the  upper  floor  of  the  building.     The  post  of  Principal 
Librarian  of  the  Museum  was  offered  to  him,  but  he  declined  it, 
feeling  that  his  proper  vocation  lay  in  his  own  department.     He 
was  a  man  capable  of  warm  friendships,  which  was  in  itself  a 
benefit  to  the  Museum,  and  it  may  safely  be  said  that  it  is  to  his 
friendship  with  Mr.  Henry  Christy,  Mr.  Felix  Slade,  Mr.  John 
Henderson,  and  Mr.  William  Burges,  and  to  the  advice  and  help  which 
he  gave  them  in  forming  their  various  collections,  that  the  Museum 
owes  their  valuable  bequests.     In  March  1864  Mr.  Henry  Christy 
invited  Sir  A.  W.  Franks,  in  company  with  Mr.  W.  J,  Hamilton, 
Prof.  T.  Rupert  Jones,  Sir  Douglas  Galton,  Sir  John  Lubbock,  and 
Sir  John  Evans,  to  examine  some  of  the  bone-caves  on  the  Y^z^re, 
Dordogne  district,  in  the  South  of  France ;   and  he  heartily  joined 
Mr.  Christy  in  the  study  of  stone  implements.     In  the  preface  to 
'Eeliquise    Aquitanicse,'    it    is    stated: — 'In    bringing   together 
and  arranging  the  varied  materials  . . .  useful  in  aroheaology  and 
anthropology  the  directing  counsels  of  Mr.  A.  W.  Franks,  F.R.S., 
have  been  constant  and  efficient,  like  his  courtesy  and  knowledge.' 
Other  sections  besides  his  own  bear  witness  to  his  catholic  taste 
and  great  liberality,  and  he  was  not  infrequently  requested  by 
Government  to  give  his  judgment  on  proposed  purchases.     As  soon 
as  his  retirement  from  the  Museum  became  inevitable  under  the 
Order  in  Council  he  was  placed  on  the  Standing  Committee,  and 
took,  up  to  the  time  of  his  death,  an  active  part  in  the  business  of 
the  Museum.    He  was  for  some  time  Director  of  the  Society  of 
Antiquaries,  a  post  involving  the  editorship  of  the  society's  publica- 
tions, and  in  1891  he  was  nominated  president  for  the  usual  period 
of  seven  years.     His  principal  discovery  in  archaeology  was  to 
separate  the  work  of  the  age  which  produced  what  he  called  *  Late 
Celtic'  antiquities — perhaps  the  most  artistic  productions  of  any 
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people  who  have  inhabited  this  country — from  that  of  the  age 
which  preceded  and  followed  it  His  persistency  as  a  collector, 
moreover,  managed  to  secure  for  the  nation  the  best  collection  thai 
exists  of  the  remains  of  this  period — a  period  which  lies  on  the 
borderland  between  the  prehistoric  and  historic  periods  in  Britain, 
and  concerning  which  antiquarian  relics  are  our  only  means  of 
knowledge.  Sir  A.  Franks  was  elected  a  Fellow  of  the  (^logical 
Society  in  the  year  1867. 

Sir  Hekbt  Aters,  G.C.M.G.,  died  in  Adelaide  on  June  11th, 
1897,  aged  76.  He  was  for  36  years  member  for  Adelaide  in  the 
South  Australian  Parliament,  was  seven  times  Premier,  and  eleven 
times  a  Cabinet  Minister.  For  12  years  he  was  President  of  the 
Legislative  Council.  Sir  Henry  Ayers  was  bom  in  England  in 
1821,  and  emigrated  to  South  Australia  at  the  age  of  19.  He 
engaged  in  legal  pursuits  until  1845,  when  he  became  secretary  of 
the  Burra  Burra  Mines.  He  became  a  member  of  the  Legis- 
lative Council  in  1867,  was  created  a  K.C.M.G.  in  1872,  and 
G.C.M.G.  in  1894.  He  was  elected  a  Fellow  of  this  Society  in 
1870. 

Samuel  Habraden  was  elected  a  Fellow  of  the  Society  in  1861. 
He  was  the  father  of  Miss  Beatrice  Harraden,  the  well-known 
novelist,  and  lived  at  5,  Cannons  Place,  Hampstead.  He  was  a 
man  of  considerable  scientific,  literary,  and  musical  tastes.  He 
died  on  July  17th,  1897. 

Lieut.-Col.  J.  R.  Campbell,  late  Hampshire  Artillery  Militia, 
died  on  June  23rd,  1897.  He  was  elected  a  Fellow  of  this  Society 
in  1877. 

Samvel  Allpobt  was  elected  a  Fellow  of  this  Society  in  the  year 
1869.  As  no  one  is  so  competent  as  Prof.  Bonney  to  give  an 
account  of  the  life-work  of  this  eminent  geologist,  I  here  reproduce 
the  biography  contributed  by  him  to  the  *  Geological  Magazine '  for 
September  1897  :— 

'  By  the  death  of  Mr.  Samuel  AUpert  we  have  lost  one  of  the 
pioneers  in  microscopic  petrology.  He  was  bom  at  Birmingham 
on  January  23rd,  1816,  being  descended  from  an  old  Staffordshire 
family,  and  was  educated  at  Xing  Edward's  School  in  that  town. 
For  some  years  he  was  in  the  office  of  Rabone  Brothers,  and  then 
went  to  Bahia  in  South  America  as  business  manager  for  another 
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firm.  There  he  married  a  Spanish  lady,  but  haid  the  misfortune  to 
lose  his  wife  within  a  year.  On  his  return  to  England,  after  an 
absence  of  8  years,  he  took  a  share  in  a  business  on  Snow  Hill, 
and  devoted  all  his  spare  time  to  scientific  work.  He  had  already 
become  an  ardent  geologist,  and  his  first  paper,  published  in  the 
Quarterly  Journal  of  the  Geological  Society  for  the  year  1860, 
was  on  the  discovery  of  some  fossil  remains  near  Bahia  (vol.  xvi, 
p.  263). 

'  But  he  was  quick  to  perceive  the  importance  of  studying  the 
structure  of  rocks  by  the  method  which  a  few  years  before  had 
been  initiated  by  Dr.  Clifton  Sorby.  He  prepared  his  own  specimens, 
and  acquired  such  skill  that,  in  the  writer^s  opinion,  though  he  may 
have  been  equalled,  he  has  never  been  surpassed  in  this  craft  by 
any  English  worker.  In  course  of  time  he  formed  a  large 
collection  of  both  rock-specimens  and  microscopic  slides,  to  the 
study  of  which  he  devoted  himself  with  great  energy.  The  business 
in  which  he  was  a  partner,  unfortunately,  was  not  prosperous,  and 
had  to  be  abandoned  about  1880,  when  he  was  appointed  librarian 
to  the  Mason  College.  Though  circumstances  had  compelled  him 
to  sell  his  collection  some  little  time  before  to  the  British  Museum, 
he  set  to  work  energetically  to  form  another,  and  continued  at  his 
favourite  study.  But  now  health  began  to  fail;  any  continuous 
mental  exertion  brought  on  distressing  attacks  of  vertigo,  and  in 
1887  he  was  obliged  to  retire  from  his  post  at  the  Mason  College. 
After  this,  though  he  was  still  able  to  continue  his  geological  reading, 
and  to  work  quietly  with  his  microscope,  he  was  unfit  to  bear  the 
strain  of  writing  a  paper.  His  last  e£fort,  a  valuable  report  on 
the  effect  of  contact-metamorphism  exhibited  by  the  Silurian  rocks 
near  the  town  of  New  Galloway  (Proo.  Roy.  Soc.  voL  xlvi,  p.  193), 
could  not  have  appeared  without  collaboration. 

^Increasing  ill-health  and  grave  anxieties  unhappily  cast  a 
shadow  over  Allport's  later  years,  but  all  was  endured  with  quiet 
patience  and  gentle  fortitude.  IJome  3  years  ago  he  quitted 
Birmingham  for  Cheltenham,  where  he  died  after  a  very  short 
illness  on  July  7th,  his  mind  happily  remaining  unclouded  till  near 
the  end.  AUport  was  not  a  voluminous  writer.  He  published 
rather  less  than  twenty  papers  in  all,  most  of  which  appeared  in 
this  Magazine,  or  in  the  Quarterly  Journal  of  the  Geological 
Society.  In  the  former,  those  on  the  South  Staffordshire  Basalts 
(1869),  the  Wolf  Rock  Phonolite  (1871),  and  the  Pitchstones  of 
Arran  (1872),  may  be  specially  mentioned ;  in  the  latter,  the  highly 
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important  papers  on  the  British  Carboniferous  Dolerites  (1874), 
on  the  Metamorphic  Kocks  surrounding  the  Land's  End  Granite 
(1876),  on  devitrified  Pitchstones  and  Perlites  from  Shropshire 
(1877),  and  on  the  Diorites  from  the  Warwickshire  Coalfield  (1879). 
He  became  a  Fellow  of  the  Geological  Society  in  1869,  was 
awarded  the  Proceeds  of  the  Wollaston  Fund  in  1879,  and  received 
the  Lyell  Medal  in  1887. 

*  We  cannot  measure  the  value  of  Allport*s  work  by  its  quantity. 
His  extreme  care  as  an  observer,  aHke  in  the  field  and  with  the 
microscope,  his  wide  range  of  knowledge,  for  he  was  far  more  than 
a  petrologist,  his  strictly  inductive  habit  of  mind,  give  to  that  work 
exceptional  solidity  and  permanent  value.  Though  he  was  com- 
pelled to  feel  his  way,  as  a  man  in  an  unknown  forest,  he  was  one 
of  the  safest  of  guides.  To  such  a  patient,  accurate  observer,  and 
sound,  cautious  rcasoner,  flashy  hypothesis  presented  no  charms, 
and  Samuel  AUport  did  much  to  liberate  petrology  from  such  errors 
as  making  geological  age  a  factor  of  importance  in  the  classification 
of  igneous  rocks.  Amiable,  courteous,  and  open  handed,  he  was 
beloved  by  those  who  had  the  good  fortune  to  know  him. 
Absolutely  free  from  all  petty  jealousies,  he  was  the  most  generous 
of  helpers  to  all  younger  men  who  were  attracted  to  his  favourite 
study.  Whatever  he  knew  was  at  the  service  of  others,  and  no 
man  owes  him  a  deeper  debt  of  gratitude  than  the  writer  of  this 
tribute  to  his  memory. — T.  G.  B/ 

Samuel  Laiko,  late  Chairman  of  the  London  Brighton,  and 
South  Coast  Railway  Company,  was  elected  a  Fellow  of  this  Society 
in  1858.  Mr.  Laing's  career  was  distinguished  and  varied.  He 
was  a  great  authority  on  railways,  and  was  at  one  time  Financial 
Secretary  to  the  Treasury  and  subsequently  Financial  Minister  in 
India ;  and  he  enjoyed  considerable  popularity  as  a  writer  of  books 
of  a  semi-scientific  character.  He  was  the  son  of  Mr.  Samuel 
Laing,  of  Papdale,  Orkney,  an*d  was  bom  in  Edinburgh  in  1810. 
In  1832  he  took  his  B.A.  degree  at  Cambridge,  being  second 
Wrangler  and  second  Smith's  Prizeman.  Mr.  Laing  became  a 
Fellow  of  St.  John's  College  and  was  called  to  the  Bar  in 
1840.  Shortly  afterwards  he  was  appointed  private  secretary  to 
Mr.  Labouchere,  who  afterwards  became  Lord  Taunton,  then 
President  of  the  Board  of  Trade.  Upon  the  formation  of  the 
Railway  Department  he  was  made  its  secretary,  and  distinguished 
himself  in  railway  legislation  under  successive  presidencies  of  the 
Board  of  Trade.     It  was  to  his  suggestions  that  the  public  was 
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mainly  indebted  for  the  convenience  of  Parliamentaiy  trains  at  a 
minimum  rate  of  one  penny  per  mile.  Mr.  Laing  entered  Parlia- 
ment for  the  first  time  in  1852,  being  returned  for  the  Wick 
district  in  the  Liberal  interest.  He  represented  Wick  until  1857, 
and  was  re-elected  in  1859,  but  resigned  in  1860  in  order  to  go  to 
India  as  Finance  Minister.  From  June  1859  till  October  1860 
he  was  Financial  Secretary  to  the  Treasury.  On  returning  from 
India  he  again  represented  Wick  in  Parliament  from  1865  until 
November  1868.  In  1873  he  successfully  contested  Orkney  and 
Shetland,  and  sat  in  the  House  of  Commons  until  1885. 

Late  in  life,  when  his  official  career  had  closed  and  his  Parlia- 
mentary duties  were  no  longer  demanding  his  energies,  Mr.  Laing 
turned  his  attention  to  literature.  He  had  in  1863  written  a  book 
on  India  and  China,  embodying  some  of  his  personal  observations 
and  experiences,  and  had  also  published  the  results  of  a  study  of 
the  prehistoric  remains  of  Caithness.  But  his  later  works  were  of 
a  different  character.  In  1885,  the  year  of  his  retirement  from  the 
House  of  Commons,  there  appeared  *  Modem  Science  and  Modem 
Thought,'  a  volume  which  was  at  the  time  very  widely  read. 
Written  in  an  easy  and  interesting  style,  it  expressed  what  was 
in  the  minds  of  many  people  who  had  given  their  attention  to  the 
great  modern  developments  of  scientific  investigation  without  going 
into  them  very  deeply  or  pursuing  any  line  of  original  research  for 
themselves.  The  book  aimed  at  being  popular  rather  than  technical, 
and  had  a  decided  success.  '  Problems  of  the  Future,'  published 
four  years  later,  was  a  natural  sequel,  dealing  as  it  did  with  the 
developments  which  might  be  expected  to  follow  upon  the  achieve- 
ments of  the  recent  past ;  while  '  Human  Origins,'  Mr.  Laing's  last 
book,  issued  some  5  years  ago,  put  into  a  readable  form  the  fruits 
of  discovery  and  speculation  about  the  early  days  of  the  world's 
history. 

He  died  on  August  6th,  1897. 

Lt.-Col.  Anthony  0.  Tabutbatt,  who  was  elected  a  Fellow  of  this 
Society  in  1875,  died  at  Batheaston,  near  Bath,  on  August  18th, 
1897,  at  the  age  of  62.  Col.  Tabuteau  served  with  the  93rd  High- 
landers in  the  Crimea,  receiving  the  British  and  Turkish  Medals. 
He  retired  in  1879. 

A.  Grabmk  OeiLviB,  B.A.,  was  elected  a  Fellow  of  this  Society  in 
1877.  He  was  bom  on  January  31st,  1851,  and  died  on  July  29th, 
1897, 
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Gborob  Harbt  Pipbb,  second  son  of  the  late  Capt.  £•  J.  Piper, 
R.N.,  was  born  in  London  in  1819.  His  parents  removed  to 
Herefordshire  in  1829,  taking  their  son  George,  then  a  boy  10 
years  old,  with  them.  He  was  admitted  as  a  solicitor  in  1849,  and 
^m  that  time  commenced  to  practise  in  Ledbury,  where  he 
continued  in  his  profession  until  his  death  on  August  26thy 
1897. 

*Mr.  Piper  took  a  keen  interest  in  the  progress  and  work  of 
the  Horticultural  and  Natural  History  Societies  of  the  County  of 
Hereford,  and  had  filled  the  position  of  President  both  of  the 
Woolhope  Naturalists'  Field  Club  and  the  Malvern  Naturalists' 
Field  Club.  To  these  Societies  he  communicated  many  papers,  and 
with  them  he  did  much  excellent  work  in  botany,  local  archoKilogy, 
and  geology,  more  especially  in  the  latter  field  of  research. 

*  Mr.  Piper's  geological  work  was  carried  on  for  many  years  in 
association  with  the  late  Rev.  W.  8.  Symonds,  M.A.,  F.G.8.,  of 
Pendock  Rectory,  Tewkesbury ;  Dr.  Bull,  of  Hereford ;  the  Rev. 
P.  B.  Brodie,  M.A.,  F.G.S.,  and  other  enthusiastic  workers. 

'The  greatest  geological  achievement  performed  by  Mr.  Piper 
was  the  carrying  out  successfully,  after  many  years  of  patient 
exploration,  the  complete  examination  and  recording,  foot  by  foot, 
of  the  famous  section  near  the  railway-tunnel  at  Ledbury,  com- 
prising the  series  of  deposits  from  the  Aymestry  Limestone,  through 
the  Upper  Ludlow  rocks ;  the  Downton  Sandstone,  with  Pterygotut ; 
the  Ledbury  Shales,  consisting  of  red,  grey,  purple  shales,  and  grey 
marl-beds,  with  PteratpUy  AuchenatpiSf  Cephalagpisy  Onchta,  Ptery^ 
gotuij  LingtUa  cornea^  etc. ;  followed  by  Lower  Old  Red  Sandstone, 
with  Ftert/gotu9,  PUraspit,  and  Cephalaspis^  etc. 

*'  In  Mr.  Symonds's  paper  ^'  On  the  Old  Red  of  Herefordshire " 
he  writes  of  the  passage-beds  at  Ledbury :  **  Having  again  visited 
Ludlow,  and  compared  the  passage-beds  of  that  district  vrith  those 
of  Ledbury,  I  am  convinced  that  nowhere  perhaps  in  the  world  is 
there  such  an  exhibition  of  passage-beds  presented  to  the  eye  of 
the  geologist  as  at  the  Ledbury  Tunnel  on  the  Worcester  and 
Hereford  Railway."  See  H.  Woodward's  '  Brit  Foss.  Crustacea ' 
(Merostomata),  Pal.  Soc.  part  iii,  1871,  p.  99. 

^  The  rich  collection  of  fossils  which  Mr.  Piper  formed  from  the 
Ledbury  Tunnel  section,  and  from  other  localities  in  the  neighbour- 
hood, will,  it  is  believed,  shortly  find  a  home  in  the  British  Museum 
(Natural  History),  Cromwell  .Road,  to  which  institution  so  many  of 
his  fine  Cephalaspidian  fishes  have  already  been  presented  in  past 
years,  including  the  superb  group  of  twelve  individuals  of  Cephalaspit 
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Murchisonif  preserved  in  one  block  of  Old  Red  Sandstone — forming 
pi.  X  in  Mr.  A.  Smith  Woodward's  Catalogue  of  Fossil  Fishes 
in  the  British  Museum  (Natural  History),  part  ii,  1891,  p.  189 — 
from  the  Passage-beds,  Ledbury,  presented  by  Mr.  Piper  in  1889. 

'Mr.  Piper  was  elected  a  Fellow  of  the  Geological  Society  of 
London  in  1874,  but  his  numerous  scientific  papers  will  mostly 
be  found  in  the  Transactions  of  the  Woolhope  Club.' — (Abstracted 
from  Geol.  Mag.,  Feb.  1898.) 

To  quote  the  words  of  Mr.  F.  Russell  in  his  speech  at  the 
Ledbury  County  Court, '  he  was  known  to  all  as  a  genial,  upright, 
and  courteous  gentleman,  whose  life  was  not  spent  for  himself 
alone,  but  most  largely  for  the  good  of  others.  In  him  the 
inhabitants  of  Ledbury  and  its  neighbourhood  have  lost  an  able 
lawyer  and  a  much-respected  friend.' 

Thokab  Johk  Bewick,  M.Inst.C.E.,  died  on  August  29th,  1897, 
aged  75.  He  was  a  native  of  Northumberland,  and  related  to 
Thomas  Bewick,  the  engraver.  He  was  an  articled  pupil  of  the 
late  Mr.  Thomas  Sopwith,  F.R.S.,  and  subsequently  his  assistant 
for  many  years,  engaged  in  lead-mining  and  railway-works.  While 
Mr.  Bewick  held  the  appointment  of  Engineer  to  the  Beaumont  Lead- 
mines,  he  directed  the  tunnelling  of  the  great  'Blackett  Level,' 
7  miles  in  length,  driven  for  the  purpose  of  unwatering  the  Allendale 
mines,  and  exploring  the  lower  mineral  district — one  of  the  most 
interesting  works  ever  executed  in  connexion  with  mining  in  this 
country.  Mr.  Bewick  was  connected  with  a  number  of  mining 
enterprises,  and  carried  on  an  extensive  business  as  consulting 
mining-engineer  and  manager  of  mines.  He  was  elected  a  Fellow 
of  this  Society  in  1866. 

Thomas  Mobbis,  who  was  elected  a  Fellow  of  this  Society  in 
1883,  died  at  Warrington  on  October  10th,  1897.  He  was  bom 
at  Bilston  in  the  year  1829.  Being  left  an  orphan,  he  had  to 
begin  work  at  a  forge  at  11  years  of  age,  and  his  education 
was  almost  entirely  obtained  by  attending  evening  classes.  He 
gradually  attained  to  positions  of  great  trust,  and  for  many  years 
was  a  prominent  figure  in  the  social  and  intellectual  life  of  Warring- 
ton. He  also  worked  hard  to  secure  the  success  of  technical 
institutions  in  the  town.  He  was  a  member  of  several  local  learned 
societies,  and  frequently  read  papers  before  them,  principally  on  the 
production  and  manufacture  of  iron.  He  does  not  appear  to  have 
ever  read  any  papers  before  this  Society. 
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The  'Rev.  Samttel  HAueHTOir,  M.D.,  D.C.L.,  F.R.8.,  was  bom  at 
Carlow  in  1821.  At  the  early  age  of  23  he  was  elected  a  Fellow 
of  Trinity  College,  Dublin,  having,  even  then,  gained  a  considerable 
reputation  as  a  mathematician ;  and  some  of  his  first  published 
works  were  the  well-known  Manuals  of  Mathematical  and  Physical 
Science,  which  he  issued  in  conjunction  with  his  friend.  Prof. 
Galbraith.  He  was  appointed  Professor  of  Geology  in  Dublin  Uni- 
versity in  1851.  His  geological  researches  were  chiefly  confined  to 
the  study  of  the  Granites  of  Leinster  and  Donegal.  His  class-lectures 
were  always  fresh,  full  of  life  and  interest,  and,  although  he  did 
not  attempt  to  treat  the  subject  exhaustively,  he  was  a  stimulating 
and  suggestive  teacher.  He  published  a  course  of  his  '  Lectures 
on  Geology,'  and,  later,  an  interesting  though  somewhat  eccentric 
course  of  *  Lectures  on  Physical  Geography.'  He  had  taken  holy 
orders  at  an  early  age,  but  seldom  preached.  His  connexion  with 
medicine  began  in  the  year  1859,  when,  finding  that  the  School  of 
Physic  in  L*eland  was  inefficient  and  in  need  of  reform,  he  con- 
ceived the  scheme  of  entering  it  as  a  student,  and,  having  attended 
the  classes  and  hospital,  he  graduated  in  medicine  in  1862.  He  then 
set  himself  vigorously  to  work  to  reform  abuses,  and  to  strengthen 
the  School  where  it  was  weak.  By  his  energy  and  practical  wisdom 
he  soon  brought  about  a  new  state  of  things,  and  eventually  raised  the 
School  to  the  position  which  it  now  occupies  as  the  leading  medical 
school  of  Dublin.  He  was  most  sympathetic  and  helpful  to  any  who 
tried  to  do  their  duty,  but  firm  and  unsparing  to  those  who  shirked 
their  obligations.  His  work  was  recognized  and  appreciated  not 
only  in  Ireland,  but  by  the  educational  and  scientific  world  generally. 
Oxford,  Cambridge,  and  Edinburgh  gave  him  honorary  degrees.  He 
was  Fellow  of  the  College  of  Physicians  of  Dublin,  Honorary  Fellow 
of  the  College  of  Surgeons,  and  honorary  member  of  many  foreign 
scientific  societies.  He  was  for  30  years  an  active  member  of 
the  Council  of  the  Eoyal  Irish  Academy,  and  President  from  1886 
to  1891.  In  the  Royal  Society's  ^Catalogue  of  Scientific  Papers,' 
some  206  papers  are  entered  as  having  been  written  by  Dr.  Haughton, 
besides  a  few  in  conjunction  with  others.  These  are  on  very  various 
subjects,  and  exhibit  in  a  marked  manner  his  great  versatility. 
His  papers  in  the  Journal  of  this  Society  are  mainly  on  the  Granites 
of  Ireland,  and  are  to  be  found  in  vols,  xii,  xiv,  xv,  and  xviii  (1856- 
1864). 

All  who  came  in  contact  with  Dr.  Haughton  were  greatly  impressed 
by  his  charm  of  manner,  and  his  brightness,  humour,  and  remarkable 
individuality  endeared  him  to  a  very  wide  circle  of  acquaintances. 
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Jambs  Heiwood,  F^S.,  M.A.,  was  the  fifth  son  of  the  late 
Mr.  Nathaniel  Heywood,  banker,  of  Manchester,  and  was  bom 
on  May  28th,  1810.  He  was  educated  at  Trinity  College,  Cam- 
bridge, where  he  was  a  Senior  Optima  in  1833.  He  could  not, 
however,  proceed  to  his  degree  until  23  years  later,  on  account  of 
the  religious  tests,  which  were  abolished  only  in  1856  by  the 
Cambridge  University  Reform  Act.  Of  this,  as  Member  for  North 
Lancashire,  he  was  the  chief  promoter;  for  already  in  1854,  he  had 
moved  and  carried,  after  several  previous  attempts,  a  clause,  by  233 
against  78,  in  favour  of  the  abolition  of  religious  tests  for  the 
Bachelor's  degree  in  Arts,  Laws,  Medicine,  and  Music.  There  can 
be  no  doubt  that  this  fundamental  reform  led  the  way  to  the  intro- 
duction of  experimental  science  into  our  universities.  He  was  one 
of  the  original  trustees  of  Owens  College,  Manchester,  and  took  a 
keen  interest  in  the  establishment  and  development  of  the  scientific 
chairs  in  that  institution.  He  was  elected  into  the  Royal  Society 
in  1839,  and  was  at  the  time  of  his  death  the  Fellow  of  longest 
standing.  Mr.  Heywood  published  in  1853  '  The  History  of 
University  Subscription  Tests,'  and  in  1855  translations  of  *The 
Early  Cambridge  Statutes,'  *  Academical  Reform  and  University 
Representation ' ;  also  *  Cambridge  University  Transactions  during 
the  Puritan  Controversies,'  Prof.  Huber's  'English  Universities,' 
Prof,  von  Bohlen's  '  Illustrations  of  the  First  Part  of  Genesis,' 
and  Prof.  Heer's  *  Primseval  World  of  Switzerland.'  For  more 
than  twenty  years  Mr.  Heywood  resided  in  Kensington,  and  he 
presented  to  that  parish  a  free  library  (to  which  the  Vestry  added  a 
reference  free  library)  and  a  free  library  for  Brompton.  Mr.  Heywood 
was  elected  a  Fellow  of  this  Society  in  the  year  1837.  He  died  on 
October  17th,  1897,  at  the  age  of  87. 

Chables  John  Leaf,  F.L.S.,  F.S.A.,  was  elected  a  Fellow  of  this 
Society  in  1870.  He  was  a  member  of  the  well-known  firm  of 
Pawson,  Leaf,  &  Co.,  St.  Paulas  Churchyard,  and  did  much  to  foster 
a  taste  for  science  and  literature  among  the  young  men  employed 
by  the  firm  by  engaging  well-known  scientific  men  to  deliver 
to  them  periodical  lectures,  etc.  He  was  also  the  founder  of 
the  Old  Change  Microscopical  Club.  He  died  on  October  2lBt, 
1897. 

The  Rev.  Pbtee  Bellinobb  Bbodie,  M.A.,  who  had  been  a 
Fellow  of  this  Society  for  63  years,  and  therefore  one  of  its  oldest 
members,  died  at  Rowington  Vicarage  on  November  Ist,  1897,  at 
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the  ripe  age  of  82.  Up  to  quite  recently  he  had  led  a  very  active 
life,  and  he  retained  a  yigorons  interest  in  all  scientific  matters 
up  to  the  last.  He  was  horn  in  London  in  1815  and  was  the  son 
of  the  emment  conveyancer  and  barrister-at-law,  the  late  P.  B.  Brodie, 
and  nephew  of  the  celebrated  sur^i^eon  Sir  Benjamin  C.  Brodie,  Bart., 
who  was  President  of  the  Royal  Society  from  1858  to  1861. 
'  While  a  youth,  and  resident  with  his  father  at  Lincoln's  Inn 
Fields,  the  younger  P.  B.  Brodie  acquired  a  taste  for  natural 
history,  and  often  went  as  a  student  to  the  Royal  CoU^e  of 
Surgeons.  Geology  in  these  early  years,  attracted  his  attention, 
to  such  good  effect  that  he  was  proposed  as  a  Fellow  of  the 
Geological  Society  of  London  by  William  Clift,  the  Curator  of 
the  College  of  Surgeons,  and  he  was  elected  so  long  ago  as  January, 
1834,  just  before  he  went  to  Cambridge.  At  that  time  he  was  the 
youngest  Fellow  ever  admitted.  H.  E.  Strickland,  with  whom  in 
after  years  Mr.  Brodie  was  much  associated,  was  elected  into  the 
Geological  Society  towards  the  end  of  the  same  year  (1834)  and 
during  the  presidency  of  G.  B.  Greenough.  At  this  time,  Buckland 
and  Conybeare,  Sedgwick,  De  la  Beche  and  Fitton,  Murchison  and 
Lyell,  were  all  members  of  the  Council.  Mr.  Brodie  used  to  relate 
that  he  then  attended  meetings  of  the  Society  held  in  Somerset 
House,  and  listened  to  many  intellectual  combats  between  the 
geological  giants  of  those  days. 

*  Educated  afterwards  at  Emmanuel  College,  Cambridge,  he 
naturally  came  under  the  inspiriting  influence  of  Sedgwick.  He 
regularly  attended  the  lectures  of  the  famous  Professor,  and  volun- 
tarily assisted  him  in  the  Woodwardian  Museum.  Thus  Mr.  Brodie's 
early  interest  in  geology  was  fostered,  and  he  soon  began  to  under- 
take original  work.  His  first  paper,  '  Notice  on  the  Occurrence  of 
Land  and  Freshwater  Shells  with  Bones  of  some  Extinct  Animals 
in  the  Gravel  near  Cambridge,'  was  read  in  1838  before  the 
Cambridge  Philosophical  Society,  but  it  was  not  printed  until  6 
years  afterwards.  Some  notes  were  contributed  to  this  paper  by 
Sedgwick,  and  it  contained  the  earliest  published  record  of  the 
moUusca  from  the  now  celebrated  Pleistocene  deposit  of  Barnwell. 

'  In  1838  Mr.  Brodie  was  ordained  deacon,  and  the  same  year  he 
was  appointed  curate  to  the  rector  of  Wylye,  in  Wiltshire.  The 
village  is  situated  on  the  south-western  border  of  Salisbury  Plain, 
and  about  4  miles  north  of  Dinton,  in  the  Vale  of  Wardour.  Here 
it  was  that  Mr.  Brodie  became  acquainted  with  that  interesting 
geological  region,  and  his  researches  added  further  renown  to  a 
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district  already  made  famous  by  the  observatioDS  of  Miss  Benett 
and  Dr.  Fitton. 

*In  May,  1839,  Mr.  Brodie  read  his  first  paper  before  the 
Geological  Society  Df  London,  entitled  "  A  Notice  on  the  Discovery 
of  the  Remains  of  Insects,  and  a  new  Genus  of  Isopodous  Crustacea 
belonging  to  the  Family  Cymothoidse,  in  the  Wealden  Formation  in 
the  Vale  of  Wardour,  Wilts  "  (Proc.  Geol.  Soc.  vol.  iii,  p.  134). 
The  new  isopod  was  determined  by  Owen,  and  subsequently 
described  by  Milne-Edwards  under  the  now  familiar  name  of 
Archceoniscwt  Brodiei.  The  strata,  in  one  layer  of  which  this  fossil 
occurs  in  profusion,  have  since  been  grouped  with  the  Purbeck 
Beds. 

<  Mr.  Brodie  was  admitted  to  priest  s  orders  in  1839,  and  he  stayed 
barely  2  years  in  his  Wiltshire  parish.  In  1840  he  became  curate 
to  the  vicar  of  Steeple  Claydon,  in  Buckinghamshire,  and  entered 
a  region  of  Oxford  Clay  and  Drift  in  the  vale  of  Bicester,  and 
a  famous  hunting  country.  Steeple  Claydon  is  about  4  miles  south 
of  Buckingham,  where  the  Lower  Oolites  come  to  the  surface ;  but 
Mr.  Brodie's  observations  were  directed  to  the  country  farther  south, 
where  he  found  at  Quainton  Hill,  and  at  Stone,  near  Aylesbury, 
outliers  of  Portland  and  Purbeck  beds  possessing  *'  a  certain  similarity 
with  those  in  Wiltshire,  but  with  clearly  marked  local  differences." 
Staying  but  a  few  months  at  Steeple  Claydon,  his  discovery  of 
remains  of  insects  and  other  fossils  in  the  '*  Wealden  "  (Purbeck) 
strata  of  Buckinghamshire  was  published  after  he  had  left  the 
district  (Proc.  Geol.  Soc.  voL  iii,  p.  780). 

*  In  1841  Mr.  Brodie  was  appointed  rector  of  Down  Hatherley 
in  the  Yale  of  Gloucester,  and  about  5  miles  west  of  Cheltenham. 
Here  he  came  into  a  richly  fossiliferous  region  of  Lias  and  Oolites, 
and  here  be  had  also  the  advantage  of  many  fellow-workers  in 
geology.  Strickland's  home  at  Cracombe  House,  Evesham,  was  not 
far  away  to  the  north,  and  those  of  Dr.  Wright  and  James  Buckman 
lay  a  few  miles  to  the  east.  W.  S.  Symonds,  afterwards  rector  of 
Pendock,  was  from  1843  to  1845  curate  of  Offenham,  near  Evesham ; 
and  Lyoett  must  about  this  time  have  commenced  his  labours  at 
Minchinhampton.  It  was  not  long  before  Mr.  Brodie  announced 
his  discovery  of  insect-remains  in  the  Lower  lias  in  Gloucestershire, 
and  he  published  sections  of  the  basement-beds  of  that  formation, 
and  of  the  underlying  strata  (now  grouped  as  Bheetic),  which  he 
had  studied  at  Wain] ode  and  Westbury-on-Sevem.  He  also  in  the 
same  year  (1842)  drew  attention  to  the  occurrence  of  fossil  plants 
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in  the  so-called  *  Plastic  Clay '  of  the  diffii  at  Bournemouth — 
a  locality  since  famed  for  the  many  plant-remains  obtained  and 
described  by  Mr.  8tarkie  Gardner. 

'In  1844  Mr.  Brodie  was  associated  with  Prof.  Buokman  in 
a  paper  on  the  Stonesfield  Slate  of  the  Cotteswold  Hills,  and,  in 
addition  to  many  stratigraphical  details,  the  authors  recorded  from 
the  deposit  various  insects,  plant-remains,  and  other  fossils.  The 
researches  thus  carried  on  by  Mr.  Brodie  opened  up  quite  a  new 
line  of  study — that  of  Fossil  Insects.  In  1845,  assisted  by 
Prof.  J.  0.  Westwood,  he  embodied  his  results  in  a  work  en- 
titled **  A  History  of  the  Fossil  Insects  in  the  Secondary  Rocks  of 
England.''  This  included  a  particular  account  of  the  strata  in  which 
the  remains  were  found  ;  and  the  work  was  appropriately  dedicated 
to  his  old  master,  Sedgwick.  The  Tolume  was  the  first  ever 
published  on  the  special  subject  of  Fossil  Insects.  Later  on, 
Mr.  Brodie  communicated  to  the  Geological  Society  of  London 
important  papers  on  the  Inferior  Oolite  of  Cheltenham,  and  on 
the  Purbeck  Beds  of  Swindon. 

^  Although  not  one  of  the  original  members  of  the  Cotteswold 
Naturalists'  Field  Club,  which  was  founded  in  1846,  Mr.  Brodie 
soon  joined  its  ranks.  In  1850  he  read  before  the  Club  a  sketch 
of  the  geology  of  Grantham,  and  in  1853  he  communicated  remarks 
on  the  Lias  of  Fretheme  and  Purton,  and  on  certain  Pleistocene 
deposits  in  the  Vale  of  Gloucester.  It  had  been  his  intention  to 
have  investigated  the  Plebtocene  formation  generally  in  Gloucester- 
shire, but  the  duties  of  his  calling  led  him  away  this  same  year 
(1853)  to  the  vicarage  of  Bowington,  in  Warwickshire.  It  was 
with  great  regret  that  he  lefb  so  picturesque  and  instructive  a  region 
as  that  which  was  embraced  by  the  proceedings  of  the  Cotteswold 
Club,  and  his  sorrow  was  increased  by  the  loss  of  their  pleasant 
meetings,  and  the  parting  with  many  friends,  whose  companionship 
had  added  a  charm  and  a  zest  to  his  studies.  (Proc.  Cotteswold 
Nat.  Field  Club,  vol.  i.  p.  246.) 

*  Rowington  village,  which  now  became  the  scene  of  Mr.  Brodie's 
labours,  is  situated  on  the  Keuper  marls  and  sandstones,  which  are 
covered  here  and  there  by  various  drift-deposits.  Fossils  were  no 
longer  to  be  so  readily  obtained.  Nevertheless,  the  Lower  Lias  was 
within  reach  at  Wilmcote,  some  6  or  7  miles  to  the  south,  and 
an  outlier  of  the  same  formation  occurs  near  Enowle,  about  6  miles 
north  of  Eowington.  Mr.  Brodie  continued  to  devote  his  atten- 
tion very  much   to  the  same  lines  of  research,  extending  them 
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at  times  to  the  Upper  Silurian  and  passage-beds  of  Herefordshire, 
and  recording  the  occurrence  therein  of  Eurypierus  and  Pterygotus, 
as  well  as  land-plants.  He  still  contributed  an  occasional  paper  to  the 
Cotteswold  Club,  on  the  Inferior  Oolite  and  lias  of  Northampton- 
shire, and  on  the  Lias  of  Barrow  in  Leicestershire. 

*  Warwickshire,  however,  naturally  claimed  his  especial  attention. 
Soon  after  his  arrival  at  Rowington,  he  became  a  member  of  the 
Warwickshire  Natural  History  &  Archaeological  Society  (founded 
in  1836),  and  he  was  at  once  elected  an  Honorary  Curator  of  Geology 
in  the  Society's  Museum  at  Warwick.  Pield-meetings  were  naturally 
regarded  by  Mr.  Brodie  as  essential  for  the  proper  pursuit  of  natural 
history,  and  in  1854  he  was  the  means  of  founding  the  Warwickshire 
Naturalists'  &  Archaeologists'  Field  Club,  of  which  he  was  the  first 
Vice-President  and  Honorary  Secretary.  Mr.  S.  S.  Stanley,  who 
for  some  years  acted  as  junior  Honorary  Secretary  of  the  Warwick- 
shire Field  Club  with  Mr.  Brodie,  speaks  of  the  new  life  and  energy 
which  the  Vicar  of  Eowington  infused  among  the  naturalists  and 
archaeologists  of  Warwickshire.  Foremost  as  a  leader  in  field- 
excursions,  he  kindled  in  many  others  an  interest  in  science,  as 
much  by  his  unfailing  enthusiasm  and  good-humour  as  by  his  wide 
knowledge  and  experience. 

*  To  the  Proceedings  of  the  Warwickshire  Natural  History  Society, 
and  of  the  Field  Club,  Mr.  Brodie  contributed  very  numerous  papers 
and  addresses,  dealing  largely  with  the  Keuper  and  Khaetio  forma- 
tions, the  Lias,  and  various  Drift-deposits.  Most  important  dis- 
coveries of  fish-remains,  and  also  of  mollusca,  in  the  Keuper 
formation  of  Warwickshire,  have  thus  been  recorded;  while  the 
tracts  of  Lower  Lias  on  the  borders  of  Shropshire  and  Cheshire, 
and  in  Cumberland,  have  not  been  unnoticed. 

*  In  1858  Mr.  Brodie  contributed  a  series  of  articles  on  the  Geology 
of  Gloucestershire  to  the  first  volume  of  the  *  Geologist,'  and  since 
then  he  has  sent  many  papers  to  the  Geological  Society,  the  British 
Association,  and  the  *  Geological  Magazine.'  Among  these  articles, 
those  on  the  Purbeck  Beds  of  Brill,  and  the  Bhaetic  Beds  near  Wells, 
in  Somerset,  may  be  mentioned.  So  recently  as  August  of  the 
present  year  [1897]  he  sent  a  communication  to  be  read  at  the 
field-meeting  of  the  Warwickshire  Naturalists'  &  Archaeologists' 
Field  Club,  held  at  Wilmcote. 

'  In  the  course  of  his  long  life,  Mr.  Brodie  formed  a  most  valuable 
and  extensive  geological  collection,  estimated  to  comprise  upwards 
of  25,000  specimens.     The  rarer  and  unique  examples  have  now 
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been  placed  in  the  British  Museum  (Natural  Hiatory),  Cromwell 
Road ;  others  have  unfortunately  been  dispersed  among  foreign 
museums,  and  a  considerable  portion  in  one  of  our  Colonies. 

'  In  1887  the  Murchison  Medal  was  awarded  to  Mr.  Brodie  by 
the  Council  of  this  Society,  and  at  that  date  the  President,  Prof. 
Judd,  remarked :  **  Never,  probably,  has  an  award  of  this  Society 
been  made  to  one  who  can  look  back  upon  so  long  a  record  of 

faithful  servioes  to  Geology  as  yourself A  dweller  in  the 

provinces,  you  have  shown  how  the  advancement  of  our  science 
may  best  be  promoted  under  these  conditions." 

Mr.  Brodie  was  elected  President  of  the  Warwickshire  Natural 
History  &  Archseological  Society  in  1894  and  of  the  Field  Club 
in  1888.  His  numerous  gifts  to  the  Palaeontological  Collection 
of  the  Warwickshire  Natural  History  Society  embrace  many  very 
rare  and  fine  fossils,  amounting  to  several  hundred  specimens. 

Mr.  Brodie  was  much  beloved,  not  only  in  the  county  in  which 
he  resided,  but  by  all  who  had  in  any  way  the  pleasure  of  his 
acquaintance,  and  his  funeral  was  attended  by  many  of  those  who 
had  been  his  feUow-workers  in  Science.  One,  writing  to  me  after 
his  death,  said,  '  Dear  old  man  !  He  loved  God's  world,  children, 
animals,  nature !  *  I  am  indebted  for  the  substance  of  this  biography 
to  Mr.  S.  S.  Stanley,  Sec  Warwickshire  Nat.  Hist.  Soc,  and  to 
Mr.  H.  B.  Woodward's  memoir,  Geol.  Mag.  1897,  pp.  481-485. 

Sir  James  Rambat  Gibson-Ma rrLAND,  Bart.,  F.L.S.,  F.Z.S.,  one  of 
the  most  distinguished  pisciculturists  of  the  day,  was  elected  a 
Fellow  of  this  Society  in  1890.  He  was  bom  on  March  29th, 
1848,  and  was  the  son  of  Sir  Alexander  Kamsay  Gibson-Mai tland 
by  a  daughter  of  James  Hunt,  of  Pittencrieff.  He  was  educated 
at  St.  Andrew's  University  and  at  Sandhurst.  In  1867  he  received 
a  commission  in  the  4th  Dragoon  Guards,  but  remained  for  only 
about  a  year  in  the  Army.  Subsequently  he  was  for  some  time  a 
Captain  in  the  Highland  Borderers  Militia.  In  1869  he  married 
Frances  Lucy  Fowke,  a  daughter  of  Sir  Thomas  WooUaston  White, 
Bart.,  of  Wallingwells,  Notts.  She  took  much  interest  in  natural 
science,  and  her  husband  acknowledged,  in  the  preface  to  his  'History 
of  Howietoun,'  that  his  success  in  fish-culture  was  largely  due  to 
her  energy.  Fish-culture  appears  to  have  attracted  Sir  J.  Maitland's 
attention  in  1873.  'Some  words  of  Frank  Buckland,'  he  says, 
♦induced  me  to  try  to  hatch  out  trout-eggs.  I  got  a  copy  of 
Francis  Francis's  ''  Fish-culture,"  and  had  a  box  made  similar  to  the 
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one  he  describes'  ('History  of  Howietoun/  1887,  p.  91).  Soon 
afterwards  he  started  fish-culture  on  a  small  burn  at  Sauchie,  his 
father's  property  in  Stirlingshire.  In  the  next  season  he  built  a 
hatching-home  on  the  same  burn.  At  this  time  he  was  living  at 
Craigend,  a  small  house  near  Sauchie,  and  in  the  same  season, 
1874—75,  he  repaired  an  old  dam  there,  and  made  an  experimental 
hatching-room  in  the  house.  In  March  1874  work  was  begun  at 
Howietoun  near  the  site  of  an  old  mill  on  the  Sauchie  estate.  In 
1876,  on  the  death  of  his  father,  he  succeeded  to  the  title  and 
estates.  Work  at  Howietoun  progressed  steadily,  and  the  number 
of  ponds  increased.  Meanwhile  a  most  interesting  series  of  expe- 
riments in  the  breeding  of  trout  was  in  progress,  which,  having 
been  begun  as  early  as  1874,  was  afterwards  carried  on  year  by 
year. 

In  1881  Sir  James  published  a  short  essay  on  the  'Salmon 
Disease '  and  a  pamphlet  on  *  Stocking  Water  with  Fish,*  which  has 
gone  through  many  editions. 

In  1883  he  obtained  several  awards  at  the  Fisheries  Exhibition 
in  London,  and  read  a  paper  on  Fish-culture. 

In  1881  his  attention  was  turned  to  the  transport  of  6sh  ova  to 
the  Antipodes,  and  on  December  27th  of  that  year  he  despatched 
a  consignment  of  10,000  Loch  Leven  trout-eggs  to  the  Otago 
Acclimatization  Society.  It  proved  a  failure;  but  subsequent 
consignments  both  of  trout  and  salmon  ova  were  completely 
successful.  In  April  1886  Sir  Francis  Dillon  Bell,  Agent-General 
for  New  Zealand,  informed  a  Committee  of  the  House  of  Lords 
that  a  shipment  of  nearly  |  million  of  ova  which  had  been  under 
Sir  James  Maitland's  charge,  and  had  been  taken  chiefly  by  his 
care  and  assiduity,  had  successfully  reached  the  colony,  thereby 
conferring  a  very  great  benefit  upon  New  Zealand,  and  about  the 
same  time  the  Government  of  that  colony  presented  Sir  James 
with  a  pair  of  silver  vases  in  recoj?nition  of  his  services. 

In  1887  the  first  part  of  the  '  History  of  Howietoun '  was  pub- 
lished. The  volume  contains  the  history  of  the  fishery  from  its 
eommencement  in  1873  up  to  the  middle  of  the  year  1879,  and  it 
was  intended  that  a  second  volume  should  complete  the  story  up  to 
1887.  Part  of  the  volume  was  written,  and  some  illustrations  were 
prepared  for  it,  but  it  has  never  been  completed. 

Sir  James  took  part  occasionally  in  the  discussions  at  the  Meetings 
of  this  Society,  but  never  contributed  a  paper  himself,  although  it 
is  well  known  that  he  gave  material  assistance  in  the  collection  of 
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facte  for  papers  which  dealt  with  the  geology  of  his  own  estate  in 
Scotland.  In  papers  by  his  nephew,  Mr.  H.  W.  Monckton,  one  on 
a  '  Picrite  and  other  associated  Hooks  at  Bam  ton/  Quart.  Joum. 
Gool.  80c.  Tol.  1  (1894)  p.  39,  and  another  « On  the  Stirling 
Dolerite/  Quart.  Joum.  Geol.  Soc.  toI.  li  (1895)  p.  480,  reference 
is  specially  made  to  the  assistance  rendered  by  Sir  James  Maitland. 

For  fish-culture  he  received  as  many  as  five  gold  medals  and  two 
silver  medals  from  the  Committees  of  the  London  and  Edinburgh 
Fisheries  Exhibitions  (1882,  1883),  and  from  other  public  bodies  at 
home  and  abroad. 

He  died  of  heart-disease  at  Sauchiebum  on  November  9th,  1897. 

Chablis  Cooper-King,  Lieut.-Col.,  Royal  Marine  Artillery 
(Retired),  died  at  his  residence,  Kingsclear,  Camberley,  Surrey,  on 
January  16th,  1898,  aged  54  years  and  11  months. 

The  only  son  of  Major  U.  H.  King,  Royal  Marine  Light  Infantry, 
he  was  bom  at  Plymouth,  and  was  at  school  there  until  the  end  of 
1859.  He  passed  into  the  Royal  Marines  as  a  Marine  Cadet  in 
January  1860,  second  on  the  list,  and  joined  H.M.S.  Excellent, 
He  passed  as  a  Second  Lieutenant,  R.M.,  at  the  Royal  Naval  College, 
Portsmouth,  first  on  the  list  (1862) ;  and,  recommended  for  the  R.M. 
Artillery,  he  was  gazetted  at  Fort  Cumberland.  In  1864  he  was 
appointed  to  command  the  detachment  of  Marines  on  H.M.S. 
Scylla  in  the  China  seas  and  Japan.  He  was  promoted  First 
Lieutenant  in  1865,  and  rejoined  Headquarters  (Eastney)  in  1867. 
He  passed  (fourth)  into  the  Staff  College,  July,  1868 ;  and  in 
August  he  married  Harriet,  daughter  of  the  late  C.  V.  Garrett,  of 
Southsca.  Passing  out  of  the  Staff  College,  first  on  the  list,  and 
specially  recommended,  he  went  through  the  usual  course  of  study 
and  practice  in  regimental  duties  at  Aldershot,  and  the  long  course 
of  gunnery  at  Woolwich  and  Shoeburyness  (1871).  He  was 
appointed  Instmctor  of  Tactics,  Administration,  and  Law  at  the 
Royal  Military  College  at  Sandhurst  in  1872 ;  and  was  Professor  of 
the  same  subjecte  from  1878  to  1885.  His  promotion  as  Captain 
dates  from  November  1875,  and  Major  by  Brevet  from  1879. 

He  retired  from  the  Service  in  Febmary  1886,  and  devoted  his 
time  and  energy  to  the  profession  of  military  instmctor  or  *  coach,' 
preparing  subalterns  of  the  Militia  for  commissions  in  the  Army. 
He  leaves  two  daughters  and  ^yq  sons;  two  of  the  latter  are 
Lieutenante  in  the  Army. 

After  the  systematic  study  of  geologj^  and  chemistry  was  elimi- 
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nated  from  the  corrioulam  at  the  Staff  College,  and  the  professor- 
ships thereof  had  ceased,  Col.  C.  Cooper-King  succeeded  Major 
Mitchell  as  Lecturer  on  Oeology  in  1886. 

Dealing  also  with  such  other  branches  of  Natural  Science  as  the 
officer-students  could  find  time  to  study,  his  synopsis  of  these 
lectures  on  '  Applied  Science '  embraced  not  only  the  land,  but 
water  (firesh  and  salt),  air  and  weather,  magnetism  and  electricity, 
as  well  as  food  and  forage. 

Col.  King  drew  a  large  class  to  Geology,  both  in  the  lecture- 
room  and  the  field ;  for,  being  a  military  expert  himself,  his 
explanations  of  the  science  in  relation  to  military  tactics  and 
battle-fields  were  well  appreciated.  Whether  on  the  blackboard 
or  on  paper,  his  apt  and  facile  illustrations  of  geological  conditions 
and  natural  history  facts  were  yery  acceptable  to  his  students  and 
his  scientific  friends.  Always  observant,  and  ready  with  pen  and 
pencil,  he  enriched  his  note-books  with  reihiniscences  of  places  and 
people,  visited  or  met  with,  at  home  and  abroad. 

In  spite  of  frequent  illness,  due  to  rheumatism  and  heart-failure, 
his  energy  spurred  him  to  persist  as  a  hard  worker,  whether  in  the 
study  on  literary  matters,  in  the  field  as  military  correspondent,  or 
in  his  class-room  among  military  students.  Many  of  his  friends  in 
the  Army  remember  with  pleasure,  and  often  with  gratitude,  the 
advantages  which  they  derived  from  his  teaching,  whether  private 
or  at  college  ;  and  indeed  he  was  always  ready  to  help,  both  cadet 
and  officer,  with  advice  and  solid  information. 

He  was  an  Assistant-Examiner  in  Geology,  Geography,  and 
Physiography  for  the  Science  and  Art  Department  (South  Ken- 
sington), and  the  Civil  Service  Commission,  for  20  years. 

As  literary  work  we  may  notice  his  books — '  On  Map  and  Plan- 
Drawing  ' ;  *  History  of  Berkshire ' ;  *  George  Washington ' ;  *  The 
British  Army ' ;  and  *  The  Story  of  the  British  Army/  lately 
published.  He  was  editor  of  the  *  Great  Campaigns  in  Europe,' 
and,  for  some  time,  of  '  The  United  Service  Magazine.'  Eeviews, 
notices,  and  misceUaneous  pieces  by  C.  C.  King  are  scattered  in 
different  periodicals.  , 

In  his  '  History  of  Berkshire  *  (E.  Stock,  London,  1887),  a  good 
knowledge  of  geology  underlies  his  sketch  of  the  county  and  his 
description  of  the  ways  and  doings,  not  only  of  prehistoric  man  in 
that  region,  but  of  many  events  in  historic  times  during  the 
conquests  and  civil  wars  of  Berkshire.  The  natural  features,  which 
have  had  an  effect  on  the  development  of  the  county  since  the  first 
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nomad  lived  and  fished  along  the  banks  of  the  Thames,  down  to  the 
time  in  which  we  live,  are  carefully  considered.  We  have  here  a 
sketch  of  the  evolution  of  the  county,  in  its  races,  its  homes, 
fortresses,  arts  of  life,  domestic  and  military  ;  and  in  its  ecclesias* 
tical,  military,  municipal,  and  civic  relations. 

In  this,  too,  his  antiquarian  knowledge  gave  his  story  vigour 
and  accuracy.  The  ancient  camps  and  earthworks  were  much 
elucidated  by  his  familiarity  with  natural  science  and  military 
knowledge,  also  shown  in  the  'Transactions  of  the  Newbury 
District  Field  Club,'  of  which  he  was  a  worthy  honorary  member. 
His  clear  and  succinct  account  of  the  Stone-Implement  Station  in 
Wishmoor  Bottom,  near  Sandhurst,  Blackwater,  and  Camberley, 
with  a  good  plan  and  an  explanation  of  the  structure  of  the  ground, 
is  published  in  the  Report  Brit.  Assoc,  for  1872  (1873),  vol.  xlii. 
Sect.  p.  190,  and  '  Journal  of  the  Anthropological  Institute,*  vol.  ii, 
no.  6  (Jan.  1873),  pp.  365-372,  pis.  xx  &  xxi. 

Col.  King  was  elected  a  Fellow  of  the  Geological  Society  in  1872. 
In  1875  he  communicated  to  that  Society  a  paper,  written  in  con- 
junction with  his  friend  T.  Rupert  Jones,  on  some  newly-exposed 
sections  of  the  *  Woolwich  and  Reading  Beds '  at  Coley  Hill, 
Reading,  Berks.*  The  features  there  exposed  were  correlated  with 
those  of  neighbouring  sections  described  by  Buckland  and  Rolfe  many 
years  ago,  and  more  lately  by  Prestwich  and  Whitaker.  Two  zones 
of  clay-galls  were  particularly  described  ;  and  the  beds  and  levels 
from  which  these  balls  of  olay  (and  ochreous  nodules)  were  derived 
were  carefully  indicated.  Together  with  the  same  friend,  Col.  C.  C. 
King  had  long  studied  the  conditions  and  characters  of  the  Bagshot 
Sands ;  and  his  acute  observations  and  thoughtful  conclusions  must 
be  regarded  as  having  given  value  to  the  papers  on  the  Bagshot 
district  published  in  the  *  Proceedings  of  the  Geologists'  Associa- 
tion,' vol.  vi  (1880-1881),  pp.  319,  429,  etc. 

His  high  grade  in  coUege  work  indicated  his  mental  capacity, 
strong  will,  and  power  of  endurance ;  and  his  subsequent  career 
showed  his  versatility  and  broad  intellectual  grasp  :  also  his  deter- 
mination to  use  his  gifts  for  the  benefit  of  his  country,  and  especi- 
ally of  those  around  him.  Thus  a  man  of  talent,  of  great  capabilities, 
of  high  attainments,  and  enormous  energy,  conscientiously  and 
willingly  exercising  his  powers  for  the  good  of  others,  and  working 
hard  for  the  support  of  his  family  even  to  the  last,  has  passed  away, 
like  a  goodly  fruiting-tree,  torn  away  by  the  ruthless  tide  of  a 
*  Quart.  Joum.  Geol.  Soc  toI.  xxxi  (1876)  pp.  461-457  &  pi.  xxii. 
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flooded  river,  which  will  distrihute   the  seeds  in  far-off  places, 
where,  like  those  previously  shed,  they  must  produce  good  results. 

T.  R.  J. 

GfiOBeE  Thomas  Clark,  F.8.A.,  who  was  elected  a  Fellow  of  this 
Society  in  1867,  died  at  the  age  of  87,  at  his  residence,  Tal-y-Gam, 
Glamorgan,  on  January  31st,  1898.  Mr.  Clark  was  host  known  as 
an  antiquary,  hut  he  also  contrihuted  papers  on  geological  suhjects 
to  this  and  other  Societies.  A  paper  hy  him  *  On  the  Neighbourhood 
of  Bombay  and  certain  Beds  containing  Fossil  Frogs  *  is  printed 
in  the  Quarterly  Journal,  vol.  iii  (1847)  p.  219,  and  another, '  Re- 
marks upon  the  Basalt  Dykes  of  the  Mainland  of  India  opposite 
to  the  Islands  of  Bombay  and  Salsette/  in  the  same  periodical, 
voL  XXV  (1869)  p.  163.  Mr.  Clark  commenced  work  as  a  civil 
engineer,  but  afterwards  was  for  many  years  manager  and  resident 
trustee  of  the  great  Dowlais  Ironworks,  which,  after  the  death  of 
Sir  John  Guest,  were  removed  to  Cardiff,  mainly  through  Mr.  Clark's 
instrumentality. 

JoHK  Carrick  Moore,  M.A.,  F.R.S.,  was  born  in  Wigtownshire 
(where  his  father,  a  brother  of  Sir  John  Moore,  the  hero  of  Corunna, 
had  a  residence),  in  the  year  1804.  He  was  educated  at  Queens* 
College,  Cambridge,  and  was  elected  a  Fellow  of  this  Society  in 
1838.  In  1841  he  accompanied  Prof.  Sedgwick  in  his  tour  in  the 
West  of  Scotland,  and  in  one  of  his  letters  Sedgwick  says, '  I  found 
him  a  very  agreeable  companion,  and  we  did  some  good  underground 
work  together.'  Mr.  Moore  devoted  much  time  to  the  study  of 
the  coast-sections  of  his  native  county  of  Wigtown,  and  his  first 
paper  communicated  to  the  Society  was  ^  On  the  Rocks  which 
form  the  West  Shore  of  the  Bay  of  Loch  Ryan  in  Wigtownshire, 
N.B.'  (Proc  Geol.  Soc.  vol.  iii,  1840,  pp.  277  &  278).  This  was 
followed  by  papers 

'  On  some  Foasiliferoiis  Beds  in  the  Silurian  Rocks  of  Wigtownshire  and  Ayr> 

shire/  Qoart.  Jonm.  GeoL  Soc  vol  v  (1840)  pp.  7-12. 
'  Notice  on  the  Occurrence  of  Eocene  Freshwater  Shells  at  Beaulieu,  Langley,  etc., 

in  Hampshire,'  Ibid.  pp.  315-316. 
'On  some  Tertiary  Beds  in  the  Island  of  San  Domingo,*  Ibid,  vol.  vi  (1860) 

pp.  89-44. 

*  Notice  of  the  Occurrence  of  Marine  Shells  in  the  Till,'  Ibid,  pp.  888  A  389. 

'  Notes  on  the  Fossil  Mollusca  and  Fish  from  San  Domingo,'  Ibid.  vol.  ix  (1863) 

pp.  189-132. 
*0n  the  Silurian  Rocks  of  Wigtownshire,'  Ibid.  vol.  xii  (1866)  pp.  869-866. 

*  On  a  Protrusion  of  Silurian  Rock  in  the  North  of  Ayrshire,'  Ibid,  vol  xv  (1869) 

pp.l-i. 

*  On  some  Tertiary  Shells  of  Jamaica,'  Ibid.  vol.  xix  (1863)  pp.  610-618. 
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He  also  wrote : — 

*  On  Lake-bwing,*  Phil.  Mag.  toI.  xxix  (I860)  pp.  626-627. 

*  On  QUcial  Submergence,'  Ibid,  vol.  xxxi  (1866)  pp.  872-373. 

*  Note  on  Mr.  Croll's  paper  on  the  Influence  of  the  Obliquity  of  the  Ecliptic  on 

aimate,*  Ibid.  vol.  xxxiii  (1867)  pp.  686-637. 
'Change  of  Obliquity,  a  Cause  of  Change  of  Climate,'  Ibid,  vol.  xxxiii  (1867) 
p.  328. 

*  Error  in  Humboldt's  Cosmos,'  Nature,  voL  v  (1872)  pp.  479-480. 

John  Canick  Moore  was  elected  one  of  the  Secretaries  of 
this  Society  in  1846,  and  served  until  1H52,  and  again  in  1855. 
He  was  Yice- President  for  six  years,  and  was  on  the  Council 
altogether  for  no  less  than  26  years.  He  was  an  intimate  friend 
of  Sedgwick,  Morchison,  and  Lyell,  and  of  most  of  the  other  leading 
geologists  of  their  time,  and  was  greatly  esteemed  and  valued  hy 
those  who  were  associated  with  him,  either  in  the  active  work  of 
the  Society  or  in  the  field.  Sir  Charles  Lyell,  in  his  *  Principles  of 
Geology'  (10th  ed.,  p.  203),  refers  to  Mr.  Moore's  mathematical 
and  geological  work  in  terms  of  great  admiration,  and  puhlishes 
a  Tahle  which  had  heen  mainly  compiled  for  him  hy  Mr.  Moore, 
showing  'the  variations  in  the  excentricity  of  the  earth's  orbit 
for  a  million  years  before  a.d.  1800,  and  some  of  the  climatal  effects 
of  such  variations.' 

Mr.  Moore  was  elected  a  Fellow  of  the  Eoyal  Society  in  1856. 
He  died  on  February  10th,  1898,  at  his  residence  in  Eaton  Square, 
having  long  outlived  most  of  his  scientific  contemporaries. 


On   the  Evidences  op  the  Antiquitt    of    Man  fubnishxd  bt 
Ossiferous  Caveens  in  Glaciated  Disibicts  in  Bbitain, 

Introduction. 

As  there  appears  even  now  to  be  a  doubt  in  the  minds  of  some 
as  to  whether  man  reached  Britain  before,  during,  or  after  the 
time  known  to  geologists  as  the  *  Glacial  period,'  I  have  thought 
that  it  might  be  well  on  the  present  occasion  to  re-examine  some  of 
the  evidence  which  has  been  brought  forward  to  prove  the  presence 
of  pre-Ghicial  man,  especially  from  those  areas  in  Britain  which 
are  now  admitted  to  contain  Glacial  deposits,  or  to  have  been 
overspread  by  ice  and  snow  in  the  Glacial  period. 
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The  most  important  evidence  yet  obtained,  it  appears  to  me, 
is  that  which  has  been  furnished  by  the  ossiferous  caverns  in 
the  glaciated  areas ;  but  the  occurrence  in  the  same  areas  of  the 
remains  of  extinct  mammalia,  which  are  now  admitted  to  have 
been  contemporary  with  the  Cave  Man,  buried  under  great 
thicknesses  of  Glacial  deposits,  must  also  have  an  important 
bearing  on  the  question. 

All  the  evidence  tends  to  show  that  the  so-called  Tertiary  and 
Quaternary  periods  merged  gradually  into  each  other,  and  were 
not  separated  by  any  great  break  in  Britain.  The  higher  moun- 
tains, before  the  close  of  the  Tertiary  period,  must  have  been 
covered  in  part  by  ice  and  snow,  and  the  so-called  Glacial  period  can 
only  have  a  chronological  importance  as  indicating  the  increased 
intensity  and  climax  of  that  cold  condition  gradually  ushered  in  at 
the  earlier  time.  For  the  same  reason  there  is  no  marked  and 
definite  line  separating  the  fauna  of  the  Pliocene  from  that  of 
the  Pleistocene,  for  we  find  remains  of  the  animals  of  the  warmer 
period  closely  associated  with  those  of  the  colder  in  the  same 
deposits,  and  under  conditions  which  show  clearly  that  they  lived  in 
those  areas  at  the  same  time. 


North  Wales  and  the  North-west  of  England. 

It  is  generally  admitted  that  during  the  latter  part  of  the 
Pliocene  period  the  mountains  of  North  Wales  stood  at  a  consider- 
ably higher  elevation  than  they  do  at  present ;  therefore  it  is  but 
natural  to  suppose  that  during  that  time  the  streams  which  flowed 
from  them  gradually  deepened,  widened,  and  also  possibly  carved 
out  some  of  the  pre-Glacial  valleys.  The  Carboniferous  Limestone 
along  the  flanks  of  the  mountains,  which  had  at  an  earlier  time 
been  much  broken  and  crushed  by  earth-movements,  now  suffered 
from  the  additional  effects  of  subaerial  action,  and  wide  fissures 
and  caverns  were  gradually  formed  in  it.  In  time  some  of  these, 
as  the  streams  found  outlets  at  lower  levels,  would  be  left  compara- 
tively dry,  and  would  then  be  suitable  for  habitation  by  man  anc' 
beast. 

In  nearly  all  those  caverns  where  bones  of  the  extinct  animals 
and  the  implements  of  contemporary  man  have  been  found, 
there  is  some  amount  of  sediment  underlying  the  remains.  This 
must  have  been  left  there  by  the  streams  or  floods  which  also 
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fk'poeitcd  the  material  that  filled  up  the  narrow  descending 
Assures,  thereby  making  a  fairly  level  floor  in  the  caverns  before 
oroupation.  This  material  in  every  case,  unless  where  there  is 
c^vjiience  of  its  having  been  sabsequently  disturbed,  consists  entirely 
of  such  local  materials  as  would  be  brought  down  by  the  streams 
froiTL  the  immediately  adjoining  higher  ground.  When  the  higher 
caverns  were  first  occupied  by  hyoDuas,  it  is  probable  that  there  was 
comparatively  little  ice  or  snow  on  the  mountains,  and  many  of  the 
animals  which  lived  in  the  valleys  and  on  the  plains  extending 
from  them  were  southern  types.  Gradually,  however,  as  the  cold 
increased,  northern  forms  appeared  on  the  scene  and  a  commingling 
of  the  two  groups  took  place. 

The  geographical  features  in  the  west  and  nort.h-west  in  later 
riiocene  times  may  be  briefly  summarized  as  presenting  high 
mountainous  areas  in  Wales,  Cumberland,  the  South  of  Scotland,  and 
in  pjirts  of  Ireland  bordering  the  Irish  Sea  and  St.  George's  Channel, 
with  extensive  plains  traversed  by  great  rivers  in  the  areas  now 
submerged,  between  the  west  coast  of  England  and  Wales,  and 
Ireland.  The  conditions  here  were  then  in  every  way  suitable  to 
fortii  feeding-grounds  for  herds  of  the  great  mammalia,  and  indeed 
fiuch  as  could  never  have  been  repeated  afterwards  in  these  areas 
either  in  late  Glacial  or  in  post-Glacial  times. 

Animals  from  the  south-east  could  reach  these  north-western 
pltiins  across  Cheshire  and  the  lowlands  in  the  centre  of  England, 
and  others  from  the  south  by  the  plains  on  the  west  coast  of  Wales. 
In  this  way  northern  and  southern  animals  would,  in  a  sense,  £reely 
commingle  and  be  afterwards  driven  together  to  more  southern 
areas  as  the  cold  increased,  and  the  conditions  became  more  and 
more  unsuitable  to  them.  At  first,  in  the  mountains  bordering 
these  plains,  when  only  their  higher  parts  were  covered  with  ice 
atid  snow,  glaciers  would  occur  only  in  the  higher  valleys ;  but, 
as  the  cold  increased,  they  would  become  confluent  with  those  from 
adjoining  areas,  and  in  time  reach  the  plains  and  there  coalesce  to 
form^  perhaps,  as  suggested  by  some,  one  vast  sheet  reaching 
across  from  England  to  Ireland.  Most  of  the  animals,  ere  the  last 
atfl^'a  had  been  reached,  would,  of  course,  have  disappeared  from 
those  parts  towards  more  suitable  southern  areas. 

That  the  foregoing  is,  in  brief,  the  history  of  the  incoming  of  the 
Glacial  period  in  the  north-west  is  evident  from  the  deposits  which 
hjire  been  found  in  and  about   the  caverns,  and  in  sections  at 
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Tarioos  points  on  the  hills,  in  the  yalleys,  and  around  the  coast  of 
North  Wales.  Wherever  the  earlier  materials  have  been  preserved, 
especially  at  high  levels,  they  are  seen  to  consist  entirely  of  local 
materials,  that  is,  such  as  would  be  derived  from  the  immediate 
neighbourhood,  or  carried  down  by  streams  or  ice  from  the  adjoining 
higher  ground.  Over  this,  and  partly  mixed  up  with  it  in  the  areas 
not  reached  by  the  northern  ice,  there  is  an  admixture  of  materials 
from  other  Welsh  districts ;  and  in  the  valleys  opening  out  to  the 
north,  and  along  the  coast,  there  is  the  further  admixture  of 
erratics  from  northern  areas.  It  is  an  interesting  fact  that  the 
boundary-line  in  the  Vale  of  Clwyd  reached  by  the  northern  erratics 
is  very  little  farther  inland  than  the  area  in  which  the  caverns  that 
we  have  explored  occur. 

Of  the  hbtory  of  the  subsequent  changes  I  need  say  but  little  ; 
yet  it  seems  to  me  that  there  is  fairly  good  evidence  to  show  that  a 
considerable  subsidence  did  take  place  towards  the  close  of  the 
Glacial  period,  and  that  this  was  afterwards  followed  by  a  certain 
amount  of  upheaval  in  the  same  areas. 

The  presence  of  thick  deposits  of  Drift  below  the  level  of  the 
sea,  at  the  entrance  to  the  Yale  of  Clwyd,  with  bones  of  the  early 
Pleistocene  mammalia  at  their  very  base,  is  a  fairly  sure  test  of  a 
stage  of  subsidence.  Moreover,  it  is  difficult  to  account  for  the 
finding  of  numerous  foraminifera  in  clays  at  a  height  of  about  200 
feet  above  present  sea-level  around  the  ooast,^  unless  alternating 
movements  of  subsidence  and  upheaval  took  place.  The  marine 
sand  with  broken  shells  at  high  levels,  formerly  regarded  as  sure 
evidence  of  subsidence  to  that  depth,  must  not,  I  fear,  be  relied  upon 
too  confidently,  as  in  no  case  has  it  been  clearly  shown  that  the 
organisms  lived  in  the  positions  wherein  the  shells  are  now  found. 
In  some  cases,  there  are  also  fairly  dear  indications  that  deposits 
have  been  transported  to  comparatively  high  levels  by  ice  which  had 
passed  over  and  scraped  up  materials  from  the  sea-bottom. 

It  seems  to  me  safer,  at  present,  relying  upon  the  evidence  which 
has  been  brought  forward  of  late  years  by  so  many  competent 
observers,  to  assume  that  towards  the  dose  of  the  Glacial  period 
the  earth-movements  produced  changes  only  of  a  few  hundred  feet, 
rather  than  the  great  depression  and  upheaval  suggested  by  the 
earlier  geologists. 

*  See  papers  by  Mr.  W.  Shone,  Quart.  Joura.  CJeol.  See.  vols,  m  (1874)  & 
xxxiT  (1878),  and  by  Mr.  T.  Mellard  Beade.  ibid.  toI.  liu  (1897)  p.  341. 
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The  Glacial  Deposits  of  the  Vale  of  Clwyd  and  adjoining 

Areas. 
Before  examining  in  detail  the  evidence  which  has  heen  obtained 
to  show  that  some  of  the  caverns  in  the  Vale  of  Clwyd,  after 
occupation,  had  been  buried  under  the  Drift,  and  that  the  remains 
in  others  had  before  and  during  the  Glacial  period  been  disturbed 
by  water-action,  it  may  be  well  to  refer  more  particularly  to  the 
deposits  which  have  been  classed  as  of  Glacial  origin  in  that  area. 
They  have  been  so  fully  described  in  the  Memoirs  of  the  Geological 
Survey  by  Messrs.  Strahan  &  Tiddeman  that  it  will  be  unnecessary 
to  do  more  than  refer  to  the  main  facts  which  have  been  recorded 
by  these  authors  in  regard  to  them.  It  is  stated^  that  no 
detailed  classification  applicable  to  the  whole  area  had  been  fonnd 
possible,  and  that  Glacial  sands  and  gravels  are  probably  intercalated 
at  difierent  horizons  in  the  Boulder  Clay.  It  is  also  mentioned  that 
one  of  the  best  sections  of  the  Drift-deposits  in  the  district  was 
provided  in  the  sinking  of  Walker's  shaft  at  the  Talargoch  Mine. 
The  shaft  is  situated  200  yards  away  from  the  limit  of  the  Drift, 
where  the  limestone  rises  in  the  cliff  of  Graig-fawr.    The  following 

beds  were  passed  through  : — 

Feet  Inches. 

/^Soil 1  6 

Marl  and  Clay    21  0 

Dry  Sand    10  6 

QaiokSand     30  0 

Glacial  Bkds  •{  Strong  day 6  0 

Grarel 24  0 

Gravelly  day,  with  water 30  0 

Sand  and  gravel 86  0 

l^Cbavel,  oontaiuing  bones 12  0 


Floor  of  Carboniferous  Bocks. 


171 


Dr.  Buckland^  also  gave  a  section  of  the  Talargoch  Mine,  as 

foUows : — 

Feet. 
/Vegetable  mould 2 

Glacial  Beds  J  ^^  ^^ 

I  Sand  and  grarel,  with  pebbles  of  copper-  and 

^     lead-ore,  and  horns,  teeth,  and  bones    204 

"^ 

^  A.   Strahan,  'The  Geology  of  the  Ooasts  ac^oining  Bbyl,  Abergde,  & 
Colwrn/  Mem.  Gbol.  Surv.  1885,  p.  28. 
*  'Beliq.  DUut.'  London,  1823,  p.  178. 
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Mr.  G.  H.  Morton  (*  Geology  of  the  Country  around  lirerpool,' 
1891,  p.  182)  says : — *  The  sand  and  gravel,  with  pebbles  of  copper- 
and  lead-ore  and  horns,  teeth,  and  bones  of  the  stag,  found  below  the 
surface  at  the  Talargoch  Mine,  near  Prestatyn,  and  of  the  elephant 
at  Dyserth,  first  described  by  Dr.  Buckland,  are  Glacial  beds,  the 
contents  having  been  derived  from  the  pre-Glacial  surface.' 

Mr.  Trimmer  (*  G^eology  and  Mineralogy,*  1841,  p.  401)  refers  to 
the  lowest  deposit  in  this  mine  as  being  a  curious  mixture  of  marine 
and  terrestrial  remains,  *  bones  and  horns  of  deer,  and  trunks  of 
trees,  being  associated  with  marine  shells.'  These  sections  are 
important,  not  only  in  showing  the  presence  of  remains  of  Pleisto- 
cene mammalia  under  great  thicknesses  of  Drift,  classified  as  of 
Glacial  origin,  but  also  therein  that  with  them  are  trunks  of  trees 
indicating  the  presence  in  the  neighbourhood  of  a  wooded  land- 
surface  in  pre-Glacial  time. 

At  p.  31  (Mem.  Geol.  Surv.  1885)  it  is  stated  that  *  in  the  low- 
lying  area  of  the  Vale  of  Clwyd  the  newest  member  of  the  Drift  is 
a  tough,  homogeneous,  chocolate-coloured  clay,  with  few  boulders, 
consisting  of  grey  granite,  porphyries,  limestone,  quartz,  and  shell- 
fragments.  The  deposit  is  similar  to  and  continuous  with  that 
which  overspreads  so  large  a  part  of  South  Lancashire  and  Cheshire, 
and,  like  it,  is  characterized  by  the  lai^e  proportion  of  northern 

erratics The  Boulder  Clay  of  the  plain  runs  up  the  larger 

valleys  so  as  to  be  continuous  with  that  of  the  higher  ground 

The  passage  from  the  one  Boulder  Clay  into  the  other  is  gradual, 
nor  can  it  be  said  that  one  under-  or  overlies  the  other.  They  were, 
no  doubt,  formed  contemporaneously,  differing  only  in  the  source  of 
supply  of  material.' 

At  p.  127,  Mem.  Geol.  Surv.  1890,*  Mr.  Strahan  says:— 'The 
Drift  in  this  part  of  Wales  has  travelled,  generally  speaking,  from 
the  west-south-west,  though  in  the  neighbouring  parts  of  England 
it  has  come  down  from  the  north-north-west.  Our  present  district, 
therefore,  includes  a  portion  of  the  boundary  along  which  the  Drift 
from  the  west  meet«  and  in  part  mingles  with  the  Drift  from  the 
north.  To  the  former  belong  all  the  Glacial  deposits  of  the 
southern  half  of  the  Vale  of  Clwyd  and  of  the  Valley  of  the  Alyn, 
as  well  as  those  which  lie  on  the  high  limestone-plateau  west  and 
south  of  Holywell.  The  latter  includes  the  Drift  of  the  northern 
part  of  the  Vale  of  Clwyd,  of  the  sea-border  of  Elintshire,  and  of 
the  Triassic  area  of  Cheshire.' 

^  'The  Geology  of  the  Neighbourhoods  of  FUnt,  Mold,  k  Buthin,*  ExpL  of 
J  Sheet  79  S.E. 
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Sections  of  Drift  are  constantly  found  on  each  side  of  the  Vale  of 
Clwyd  at  heights  of  from  500  to  600  feet,  and  scattered  boulders  at 
much  greater  elevations.  Most  of  the  latter  at  the  higher  horizoDS 
have  been  derived  from  the  Snowdonand  Arenig  groups  of  mountains, 
but  northern  erratics  are  abundant  in  the  drift  at  from  500  to  600 
feet  above  sea-level,  especially  in  some  areas  on  the  east  side  of  this 
valley. 

Ffynnon  Beuno  Cave. 

The  results  of  researches  carried  on  in  the  Ffynnon  Beuno  and 
Cae  Gwyn  Caves  were  communicated  by  me  to  this  Society  in  the 
years  1886  and  1888.  The  deposits  in  the  Ffynnon  Beuno  Cave 
varied  somewhat  at  different  points,  mainly  the  result  of  disturb- 
ance since  occupation.  In  a  few  places,  however,  a  stalagmite-floor 
was  found,  and  under  this  an  undisturbed  cave-earth  containing 
bones  of  extinct  mammalia  and  some  Palaeolithic  implements. 
Overlying  the  stalagmite-floor  was  a  sandy  gravel-and-clay,  with 
blocks  of  limestone,  etc. 

In  other  parts  of  the  cavern,  especially  in  some  inner  tunneU, 
the  whole  of  the  material  had  been  more  violently  disturbed  by 
water-action,  and  a  general  commingling  of  the  materials  had  ti^en 
place.  It  was  quite  clear  that  the  cavern  had  been  occupied  for 
some  time  as  a  hyaena-den,  for  the  bones  had  been  freely  gnawed, 
remains  of  hyaenas,  old  and  young,  were  very  abundant,  and 
coprolites  of  the  latter  were  also  frequently  found.  The  implements 
of  Palaeolithic  man  in  the  undisturbed  parts  of  the  cavern  occurred 
in  such  intimate  relationship  with  the  bones  of  the  extinct  mam- 
malia, that  it  was  perfectly  dear  that  they  must  have  lived  contem- 
poraneously. In  one  place  a  flint-implement  was  discovered  under 
the  stalagmite-breccia  in  close  proximity  to  a  large  portion  of  a  jaw 
with  teeth  of  Rhinoceros  tiehorhinus,  and  large  fragments  of  limb- 
bones  of  mammoth. 

The  deposit  overlying  the  stalagmite-floor,  excepting  near  the 
entrance,  where  it  had  been  recently  removed,  consisted  of  sandy 
clay  with  fragments  of  limestone,  shale,  etc.  The  inner  tunnels 
were  completely  filled  up,  and  there  were  evidences  here  of  rather 
violent  water-action.  The  water  must  have  acted  from  the  entrance 
inward,  as  fragments  of  the  broken  floor  and  numerous  bones  were 
found  in  the  innermost  recesses — many  bones  of  large  size  being  in 
contact  with  the  roof,  and  others  forced  into  small  fissures.  They 
were  mixed  up  with  pebbles,  gravel,  sand,  clay,  etc.,  most  of  which 
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must  haye  been  carried  into  the  cavern  by  the  water  which  broke 
up  the  stalagmite-fioor,  and  which  disturbed  the  bones  and  the 
other  materials  previously  in  the  cavern.  In  regard  to  the  lowest 
deposit  in  this  cavern,  it  is  dear  that  it  formed  the  floor  of  the  den, 
and  it  consists  entirely  of  such  local  material  as  would  be  left  by  a 
stream  or  flood-water  when  the  cavern  was  being  formed.  In  this 
there  was  not  a  fragment  of  any  foreign  material  such  as  is  now 
abundant  in  the  field  above,  on  the  slopes  of  the  valley,  and  about 
the  entrance  of  the  cavern.  The  time  of  occupation  was,  therefore, 
certainly  before  any  of  these  foreign  materials  could  have  reached 
this  area.  The  Bev.  G.  C.  H.  Pollen,  of  St.  Beuno*s  College,  recently 
re-examined  some  of  the  lowest  deposits  which  we  had  left  undis- 
turbed in  the  cavern.  In  his  paper  read  before  the  Society  in 
December  last,  he  gives  a  section  of  these  deposits,  and  says  that  he 
also  failed  to  detect  anything  but  local  materials  in  them.  The 
great  importance  of  the  evidence  from  this  cavern  is  the  undoubted 
fact  that  not  a  fragment  of  anything  that  could  be  caUed  foreign 
material  occurred  anywhere  under  the  stalagmite-floor,  contrasted 
with  its  occurrence  in  the  newer  and  overlying  deposits,  and  every- 
where in  the  neighbourhood  of  the  cave. 

The  stages  indicated  in  this  cavern  are  the  following : — 

1.  After  the  formation  of  the  cavern,  the  deposition  in  it  of  some 
gravel  by  flood-water  when  the  entrance  was  nearly  on  a  level 
with  the  then  floor  of  the  valley. 

2.  As  the  valley  deepened,  and  the  cavern  was  above  the  level  of 
the  floods,  it  was  occupied  as  a  den  by  hysenas  and  occasionally 
by  man.  There  was  at  first  but  little  snow  or  ice  on  the 
neighbouring  mountains;  but  gradually  the  cold  increased, 
and  the  hyaenas  left  the  higher  caverns. 

3.  This,  and  other  high-level  caverns,  became  now  buried  under 
snow,  and  the  conditions  were  favourable  to  the  formation  of 
stalagmite  over  the  floor  because  of  the  moist  condition  and 
drip  in  the  cavern. 

4.  The  local  glaciers  next  brought  down  much  material  into  the 
valley,  and  flood-waters  re-entered  the  cavern,  breaking  up  the 
stalagmite-floor,  and  carrying  in  local  drift.  The  floor  towards 
the  entrance,  being  in  part  protected  by  limestone-fragments 
and  drift,  remained  generally  intact;  but  in  all  the  inner 
recesses  there  was  evidence  of  rather  violent  water-action. 
Here  bones,  large  fragments  of  the  stalagmite-floor,  and  the 
drift  were  mixed  up  together.     The  inner  tunnels  were  corn- 
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pletely  filled  up,  and  some  large  bones  touched  the  rooCs, 
while  others  were  forced  into  small  fissures. 
5.  When  subsequently  the  ice  from  the  western  (Arenig  and 
Snowdonian)  and  from  northern  areas  reached  this  district,  the 
cavern  was  again  partially  disturbed,  and  some  of  the  mixed 
drift  from  those  areas  was  introduced  into  it.  The  carem  was 
afterwards  completely  covered  over  by  the  mixed  drift,  and  its 
exposure  subsequently  has  been  due  to  subaerial  action  in 
post-Glacial  times,  and  in  part  to  mining  operations. 

Cae  Gwyn  Cave. 

When  referring,  in  my  paper  before  the  Geologists'  Association  in 
1885,^  to  this  cavern,  I  stated  that  when  I  first  crept  into  it  I 
recognized  that  it  was  an   entirely  unexplored  and  undisturbed 
cave,  and  that  we  had  at  that  date  penetrated  to  a  distance  of  150 
feet,  but  that  further  progress  had  been  impossible,  because  there 
was  only  a  very  small  space  between  the  roof  and  the  material 
filling  the  cavern.     I  then  state : — *  The  original  entrance  would  be 
probably  from  20  to  25  feet  nearer  the  valley,  as  there  are  evidences 
that  the  limestone  here  has  been,  at  some  previous  time,  quarried 
and  removed.     Between  the  entrance  and  the  chamber  worked  there 
is  an  average  space  of  from  2|  to  4  feet  between  the  surface  of  the 
material  on  the  floor  and  the  roof,  but  beyond  this  it  gradually 
diminishes.     There  was  scarcely  any  drip  in  the  cavern,  and  Uie 
earth  is,  in  places,  quite  dry.     A  red  earth  covered  the  whole  floor, 
and  this  was  much  burrowed  by  rabbits.     In  this  earth  a  few  recent 
bones  were  found,  but  no  remains  of  extinct  mammalia.    After 
removing  this  earth  in  the  chamber  we  came  upon  a  tolerably  hard 
floor,  which,  when  broken  through,  was  seen  to  consist  of  several 
layers  of  ferruginous  clay  and  calcareous  matter.     Under  this  floor 
was  found  what  might  be  called  here  the  cave-earth,  being  apparently 
the  usual  material  found   at   this  horizon  in  the  caves  of  this 
district,   and   that  in  which   the  remains  are  usually  enclosed. 
This  earthy  day  is  identical  in  appearance  with  the  Upper  Boulder 
Clay  in  this  area,  especially  that  about  St.  Asaph  and  in  the  centre 
of  the  Vale  of  Clwyd,  and  contains  rolled  pebbles  of  felsite,  quartz, 
quartzite,  sandstone,  Silurian  and  older  rocks,  as  in  that  deposit. 
There  were  also  fragments  of  an  old  stalagmite-floor.    The  bones 

^  *0d  some  Recent  Beaearchet  in  Bone-CaTes   in  Wale%*  Proc.   OeoL 
Absoc  toI.  ix  (1885)  p.  1. 
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are  not  found  in  horizontal  layers,  but  usually  inclined  or  in 
disturbed  positions;  and  I  was  surprised  to  find,  on  examining 
some  of  them,  that  those  which  had  been  broken  were  filled  by  a 
material  quite  unlike  that  in  which  they  were  now  embedded. 
This  fact,  not  previously,  I  think,  noticed  in  any  of  the  other 
caverns,  proves  that  these  bones  must  have  been  disturbed  by  water 
out  of  a  previous  deposit  before  they  were  enclosed  in  the  present 
material.  To  this  point  I  shall  refer  again.  In  this  same  deposit, 
or  at  least  below  the  upper  earthy  layer  in  the  cavern  and  in 
association  with  the  bones  of  the  reindeer,  we  found  a  flint  imple- 
ment.' This  was  examined  by  Sir  John  Evans,  and  stated  by  him  to 
be  a  scraper  rather  than  a  flake,  and  to  show  traces  of  use  along 
the  sides,  in  addition  to  being  rounded  at  the  end.  I  have  given 
the  quotation  in  full,  as  at  that  time  we  had  no  idea  of  finding 
another  entrance,  and  it  has  an  important  bearing  on  some  of  the 
questions  subsequently  raised  in  connexion  with  the  position  of  the 
flint-flake  found  outside  the  new  entrance,  and  under  the  Drift. 
We,  at  this  time,  clearly  recognized  the  similarity  between  the 
material  in  the  cavern  and  some  of  the  deposits  classed  with  the 
Upper  Boulder  Clay  in  the  area ;  and  these,  as  we  afterwards  found, 
extended  continuously  outwards  from  the  buried  entrance  to  form 
the  lower  part  of  the  Drift-section  exposed  in  the  field  beyond. 
As  in  the  Ffynnon  Beuno  Cave,  there  were  in  some  places  local 
materials  at  the  base  which  had  not  been  disturbed ;  but  the  thick 
stalagmite-floor  which  had  at  one  time  covered  the  animal  remains 
had  been  everywhere  broken  up,  and  had  been  scattered  about  in  the 
Drift  along  with  the  bones.  Though  it  is  probable  that  the  earlier 
deposits  in  this  cavern,  like  those  in  the  Ffynnon  Beuno  Cave,  were 
first  disturbed  when  the  local  glaciers  reached  the  valley,  it  is  clear 
that  they  were  afterwards  rather  violently  re- arranged,  at  least  in 
part,  when  the  ice  from  the  western  aud  northern  areas  reached  the 
district.  In  a  former  paper  I  expressed  the  opinion  that  the 
disturbance  took  place  by  marine  action  during  submergence ;  I  now 
think  it  may  have  been  done  by  fresh  water  near  the  foot  of  a  glacier 
which  had  passed  over  the  sea-bottom.  It  must  be  remembered, 
however,  that  marine  shells  are  constantly  found  in  the  Drift  in 
this  area,  that  a  very  distinct  band  containing  marine  shells  in 
considerable  abundance  was  found  in  the  Drift  outside  the  covered 
entrance,  and  that  in  the  lower  portion  of  the  section  there  were 
very  clear  signs  of  stratification.,  The  covered  entrance  was 
probably  the  original  or  main  entrance  to  the  cavern,  and  it  is 
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quite  possible  that  the  other  entrance  was  little  more  than  a  fissure 
until  the  portion  beyond  the  opening  had  been  removed  by  quarrying 
operations.  On  June  28th,  1886,  in  the  presence  of  Mr.  G.  H. 
Morton,  F.G.S.,  of  Liverpool,  and  the  writer,  a  small  hot  well- 
worked  flint-flake  was  dug  up  from  the  bone-earth  on  the  south 
side  of  the  entrance.  It's  position  was  about  18  inches  below  the 
lowest  bed  of  sand.  Several  teeth  of  hyaena  and  reindeer,  as 
well  as  fragments  of  bone,  were  also  found  at  the  same  place, 
and  at  other  points  in  the  shaft  teeth  of  rhinoceros  and  a  fragment 
of  a  mammoth's  tooth.  One  rhinoceros-tooth  was  found  at  the 
extreme  point  examined,  about  6  feet  beyond  and  directly  in  front 
of  the  entrance. 

A  full  account  of  the  later  researches  in  the  Cae  Gwyn  Cave  was 
given  in  my  paper  read  before  the  Society  in  1888,  and  I  have  nothing 
to  add  to  what  is  given  there.  I  have,  however,  visited  the  cavern 
since  then,  and  will  only  repeat  that  the  facts  as  there  given  and 
testified  to  by  so  many  experienced  geologists  who  visited  the  cave 
and  the  sections  during  the  explorations  are,  to  my  mind,  quite 
unassailable.  Eemains  of  the  following  animals,  determined  by 
Mr.  W.  Davies,  of  the  British  Museum,  were  found  in  the  Ffynnon 
Beuno  or  Cae  Gwyn  Caves,  namely  : — Lion,  wild  cat,  spotted 
hyeena,  wolf,  fox,  bear,  badger,  wild  boar,  great  Irish  deer,  red 
deer,  roebuck,  reindeer,  horse,  woolly  rhinoceros,  and  mammoth. 

The  following  account,  taken  from  '  The  Geology  of  the  Country 
around  Liverpool,'  ed.  1897,  by  Mr.  G.  H.  Morton,  F.G.S.,  of  his  visit 
to  the  explorations,  is  specially  important  from  the  wide  and  long- 
continued  experience  of  the  Author  among  the  Glacial  deposits  of 
the.  district  and  adjoining  areas.  He  was  also  present,  as  already 
stated,  when  the  flint-flake  was  found  outside  the  cavern  under 
the  undisturbed  Drift  in  June  1886.  At  p.  184  he  says: — 
*  In  June  1887,  during  the  progress  of  an  excavation  in  front  of 
the  original  [covered]  entrance  to  Cae  Gwyn  Cave,  I  stayed  in  the 
neighbourhood  for  11  days,  besides  visiting  it  on  other  occasions 
before  and  since,  so  that  I  had  ample  opportunity  of  constantly 
observing  the  Boulder  Clay,  as  well  as  the  sand  and  gravel 
and  other  beds  beneath  it.  In  the  Geological  Magazine,  dec  iii, 
vol.  iii,  p.  569,  a  woodcut  showing  the  section  exposed  may  be 
referred  to  by  those  interested  in  the  subject.  It  was  measured  by 
Dr.  Hicks  and  Mr.  C.  E.  De  Ranee,  F.G.S.,  when  a  shaft  from  the 
surface  down  to  the  entrance  />f  the  cave  was  first  sunk  in  June 
1886.      In  June  and  October  1887  a  much  larger  excavation  was 
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made  (about  20  feet  long  by  10  feet  broad,  and  nearly  20  feet 
deep),  so  that  the  section  was  more  easily  seen,  but  the  beds  were 
found  of  much  the  same  character,  the  only  diflfer^ce  being  a  slight 
variation  in  the  persistence  and  thickness  of  some  of  the  thin  seams 
of  sand  interstratified  with  the  Boulder  Clay,  and  the  following  is 
the  detailed  succession  : — 

'Boulder  Clay,  6  feet,  overlapping  the  limestone  about  the 
entrance  to  the  cave,  and  with  many  species  of  shells  near  the  base. 

'  Sand  and  gravel,  8  feet,  ending  against  the  limestone  and  filling 
the  upper  part  of  the  cave. 

'Laminated  clay,  6  feet,  underlying  the  sand  and  gravel,  and 
penetrating  the  whole  extent  of  the  cave. 

'Bone-earth,  1  foot  6  inches,  with  fragments  of  stalagmite, 
mammalian  bones,  teeth,  and  a  flint-flake,  clearly  underlying  the 
laminated  clay,  over  an  area  of  several  square  yards  outside  the 
entrance,  and  the  whole  floor  inside  of  the  cave. 

'  The  bone-earth  had  evidently  been  disturbed,  and  a  stalagmitic 
floor  broken  up,  and  the  fragments,  often  large  blocks,  mixed  up  in 
it.  The  laminated  clay  had  evidently  been  tranquilly  deposited 
over  it.  The  sand  and  gravel  were  over  the  laminated  clay,  but 
current-bedded,  as  such  so-called  "  Middle  sands "  often  are. 
Finally,  the  Boulder  Clay  occurred  over  the  sand  and  gravel,  without 
any  evidences  of  disturbance,  or  re-arrangement  of  any  kind.  The 
top  of  the  Boulder  Clay,  as  shown  in  the  woodcut  referred  to, 
formed  the  surface  of  a  nearly  level  field,  there  being  no  higher 
ground  near  from  which  debris  could  have  been  derived,  and  there 
is  no  reason  for  supposing  that  the  surface  over  the  cave  was  ever 
deeply  covered  with  clay.  The  entrance  to  the  cave  is  in  a  buried 
limestone-cliff",  from  which  the  Boulder  Clay  dips,  but  so  gradually 
that  nothing  of  the  nature  of  a  talus  was  suggested,  especially 
considering  the  rapid  fall  of  the  ground  in  the  same  direction.  The 
Boulder  Clay  resembled  undisturbed  clay  as  seen  anywhere  in  the 
Vale  of  Clwyd,  Cheshire,  or  Lancashire,  while  the  erratics  it 
contained  were  very  similar.' 

Ty  Newydd  Caves. 

The  results  of  the  researches  carried  on  during  the  past  year  io 
these  caves,  recently  communicated  to  the  Society  by  the  Rev.  G.  C. 
H.  Pollen,  are  of  great  interest,  and  show  conclusively  that  they  were 
either  occupied  by  some  of  the  so-called  earlr  Pleistocene  animals, 
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or  that  remains  of  extinct  mammalia  were  washed  into  them  before 
an)'  of  the  Drift  from  the  western  and  northern  areas,  now  found 
60  abundantly  spfead  over  the  ground  above  and  in  the  neighbour- 
hood of  the  caverns,  could  have  reached  this  area.  The  caverns 
themselves  were  entirely  filled  by  local  materials  which  must  have 
been  deposited  in  them  by  flood- water  at  the  verj'  commencement  of 
the  Glacial  period.  As  these  caverns  are  situated  in  the  same  ravine, 
but  on  the  opposite  side  to  those  of  Ffynnon  Beuno  and  Cae  6w}'n, 
I  think  it  may  be  well  to  repeat  the  conclusions  arrived  at  by 
Mr.  Pollen  (Quart.  Joum.  Geol.  Soc.  Feb.  1898,  p.  132)  :— 

*  1.  The  material  in  the  Ty  Newydd  Caves,  and  in  the  lower  part 
of  Ffynnon  Beuno  and  Cae  Gwyn,  is  of  purely  local  origin.  Of  this 
we  can  speak  with  confidence,  as  the  question  was  before  us  from 
the  beginning ;  we  have,  therefore,  examined  all  the  gravels  with 
minute  care,  and  all  stones  of  whose  origin  we  did  not  feel  certain 
were  forwarded  to  Dr.  Hicks. 

*  2.  This  local  deposit  is  of  earlier  date  than  the  Boulder  Clay 
with  western  and  northern  erratics.  This  was  sufficiently  proved 
by  the  occurrence  of  the  granites  and  felsites  on  the  hillside  at  a 
much  higher  level  than  the  caves.  All  doubt  on  the  subject  is, 
however,  now  removed  by  our  having  found  the  two  beds  actually 
superimposed  in  the  second  vertical  shaft. 

*  3.  The  occurrence  of  the  rhinoceros-tooth  shows  that  there  was 
a  land-surface,  and  a  climate  capable  of  supporting  such  large 
mammalia,  either  before  or  during  the  period  when  the  cave  was 
being  filled.' 

The  height  of  the  caverns  above  sea-level  is  422  feet,  or  about 
20  feet  above  the  floor  of  the  Cae  Gwyn  Cave. 

The  Caves  on  the  West  Side  of  the  Vale  of  Clwyd. 

When  referring  to  these  caves,  Prof.  Hughes,  in  his  paper,'  says 
that  the  so-called  Cefn  Caves  in  the  Elwy  Valley  *  are  obviously 
due  to  the  decomposition  of  the  limestone  along  the  weaker  lines  in 
the  general  drainage-system  of  that  valley ;  but  what  the  particular 
local  conditions  were  that  caused  the  subterranean  channel  to 
plunge  down  suddenly  to  an  outlet  far  below,  is  not  so  clear.'  Of  the 
Plas  Heaton  Cave,  he  Eays  that  it  '  must  have  been  formed  under 
quite  difierent  conditions.  It  does  not  lie  in  the  line  of  any  existing 
drainage-system ;  it  must  be  a  very  ancient  cave ;  perhaps  it  was 

»  Quart.  Journ.  Geol.  Soc.  vol.  xliii  (1887)  p.  103. 
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formed  when  the  streams  that  flow  down  near  Llysmeirchion  ran  at 
a  greatly  higher  level,  the  intermediate  ground  heing  all  filled  up 
with  drift,  or  perhaps  when  the  drift  choked  up  the  Elwy  Valley, 
as  we  have  seen  above  was  once  the  case,  some  of  its  waters  may 
have  found  their  way  into  the  limestone-rocks  above  Plas  Heaton.' 
Again  he  says,  '  More  probably  some,  if  not  all,  of  the  Cefn  Caves 
were  formed  much  lat^r,  when  the  gorge  was  filled  with  Boulder 
Clay,  and  the  water  ran  into  swallow-holes  along  the  margin  of  the 
drift  and  rock,  aud  part  of  such  an  one  became  a  sloping  cave.  In 
the  submergence,  this  cave  cannot  have  been  formed,  as  nothing 
would  make  the  current  fall  to  open  out  vertical  passages  at  the 
bottom  of  the  sea.' 

When  the  evidence  of  the  earlier  explorers  of  the  Cefn  Caves  (the 
Rev.  E.  Stanley  and  Mr.  Joshua  Trimmer)  is  examined,  it  becomes  at 
once  clear  that  the  main  Cefn  Cavern  must  have  been  formed  (as 
was  probably  the  case  with  most  of  the  others  to  which  I  have  re- 
ferred) at  a  much  earlier  period  than  that  suggested  by  Prof.  Hughes. 
Mr.  Trimmer  says' :—' It  communicates  with  the  surface  by  fissures, 
and  has  an  entrance  from  the  face  of  the  cliff,  about  100  feet 
above  the  river,  and  200  above  the  sea.  The  lowest  parts  yet 
examined  are  about  10  feet  high,  and  are  filled  very  nearly  to  the 
roof  with  sedimentary  deposits,  containing  bones  and  teeth  of  the 
hysena,  bear,  and  rhinoceros.  These  are  found  in  two  strata, 
separated  by  a  crust  of  stalagmite.  The  lowest  is  below  the  level 
of  the  entrance  from  the  face  of  the  cliff,  and  contains  bones  and 
teeth,  enveloped  in  sediment  and  mixed  with  smooth  pebbles,  like 
those  of  the  adjacent  river,  and  with  fragments  of  wood.  It  is 
covered  by  a  crust  of  stalagmite,  and  above  that  the  cave  is  filled 
nearly  to  the  roof  with  calcareous  loam,  containing  bones  and 
angular  fragments  of  limestone,  on  the  surface  of  which  are  sand 
and  marl  containing  fragments  of  marine-shells,  like  those  dispersed 
over  the  neighbouring  district.  The  sediment  within  the  cave  is 
generally  finely  laminated.  This  cavern  has  been  compared,  as  we 
have  already  observed,  to  that  of  San  Ciro ;  but  they  differ  in  these 
important  particulars,  that  in  the  Cefn  Cave  there  are  no  lithodomous 
perforations  in  the  limestone,  that  the  marine  remains  are  confined 
to  the  upper  part,  and  that  the  lower  deposit  of  pebbles  and  bones 
is  covered  by  a  crust  of  stalagmite.  This  last  fact,  whether  the 
cave  was  or  was  not  a  den  of  hyaenas,  proves  that  it  was  subaerial 

'  'Geology  &  Mineralogy/  London»  1841,  p.  400. 
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for  a  considerable  time  after  the  formation  of  the  lower  deposit  and 
before  it  was  visited  by  a  marine  inundation.  The  marks  of  teeth 
on  some  of  the  bones  leave  little  doubt  that  the  cave  was  inhabited 
by  carnivora ;  and  the  identity  of  character  which  exists  between 
the  pebbles  and  silt  below  the  stalagmite,  and  those  of  the  river  in 
times  of  Hood,  points  to  the  river,  when  having  a  different  relative 
level  with  respect  to  the  cave,  as  the  source  from  which  they  were 
derived.' 

From  this  statement  it  is  clear  that  the  stalagmite  was  formed  over 
the  bones  before  any  of  the  Northern  Drift  and  sand  with  marine 
shells  had  been  carried  into  the  cavern,  for  the  ^  rounded  pebbles  of 
grey  wacke,'  stated  by  the  Kev.  E.  Stanley  *  to  have  been  found  by 
him  under  what  had  previously  been  considered  the  floor  of  the 
cave,  and  in  association  with  the  bones,  was  evidently  local  material 
only,  and  like  that  found  in  the  Ffynnon  Beuno  Cave  under  the 
stalagmite.  Had  this  cavern  been  formed  after  the  Northern  Drift 
had  been  deposited  on  the  surface  above  the  cavern,  it  is  clear  that 
some  of  that  drift  would  have  been  carried  in  through  the  fissures 
from  the  first  and  mixed  with  the  oldest  deposit  The  higher 
caverns  on  this  side  of  the  Yale  of  Clwyd,  like  those  on  the  east 
side,  were  undoubtedly  formed  before  the  Glacial  period  and  were 
occupied  by  carnivora  before  the  local  glaciers  had  reached  them  or 
deposited  sufficient  material  in  the  valley  to  enable  flood-waters  to 
disturb  and  re-arrange  the  materials  which  they  previously  contained. 
At  subsequent  periods  they  were  subjected  to  further  water-action, 
and  later  were  probably  occupied  in  part  by  more  recent  animals. 

Bemains  of  the  following  Pleistocene  animals  have  been  found  in 
the  Cefn  Cave: — Efephas  antiquus,  hippopotamus,  rhinoceros,  cave- 
bear,  and  spotted  hysena.  In  the  cave  at  Plas  Heaton  explored  by 
Prof.  Hughes  and  Mr.  Heaton,  remains  of  the  cavo-beary  spotted 
hysena,  bison,  reindeer,  and  glutton  were  found. 

Sir  A.  Hamsay,'  in  referring  generally  to  oaves  containing  remains 
of  the  extinct  mammalia,  says,  *•  There  is  no  doubt  that  many  of 
these  caves  date  from  before  the  Glacial  epoch,  and  also  that  the 
bones  of  animals  found  their  way  into  some  of  them  before  that 
period.'  Of  the  Cefn  Cave,  he  says  that  it  must  have  been  *  below 
the  sea  during  part  of  the  Glacial  epoch,  for  the  boulder-beds  reach  a 
higher  level ;  and,  with  Dr.  Falconer,  I  found  fragments  of  marine 

'  Proc.  Geol.  Soc.  toL  i  (1832)  p.  402. 

>  '  Fbytical  Oeol.  &  Oeogr.  of  Great  Britain,*  drd  ed.  1872»  p.  ISi. 
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shells  of  the  Drift  in  the  cave  overlying  the  detritus  that  held  the 
hones  of  elephants  and  other  mammalia/ 

In  his  paper  on  the  Cofn  and  Pont-Newydd  Cave-deposits/ 
Mr.  D.  Mackintosh,  in  speaking  of  the  clay  in  the  cavern,  says, 
'  This  deposit  (which  contains  bones  of  a  number  of  the  nsual  cave- 
mammalia)  is  horizontally  continuous  with  the  Upper  Boulder  Clay 
of  the  district/  He  further  says,  *•  1  have  been  familiar  with  this 
clay  in  Cheshire  and  Flintshire  for  4  years,  and  have  therefore 
little  hesitation  in  asserting  that  traces  of  it,  in  an  unmodified 
state,  may  be  found  at  the  entrances  of  both  the  Pont-Newydd  and 
Cefn  Caves — that  in  the  interior  of  the  Cefn  Cave,  for  a  considerable 
distance  from  the  entrance,  there  are  indications  of  this  clay  having 
once  filled  the  cave  nearly,  if  not  quite,  to  the  roof — ^that  in  the 
interior  of  the  Pont-Xewydd  Cave  it  maintains  its  unmodified 
character  for  a  considerable  distance  from  the  entrance — and  that 
in  no  part  of  these  two  caves  has  this  day  been  modified  further 
than  what  may  have  resulted  from  the  dropping  of  calcareous 
matter,  from  the  temporary  ponding-back  of  water  in  the  recesses 
or  hoUows,  or  from  accumulation  within  the  caves  under  conditions 
which  may  have  differed  from  those  without.  The  angular  limestone- 
fragments  may  have  fallen  from  the  roof  or  sides  of  the  oaves  during 
the  period  of  accumulation ;  or  previously  fallen  fragments,  along 
with  the  bones  of  animals,  may  have  been  washed  up  into  the  clay  by 
the  waves  of  the  Upper  Boulder  Clay  sea/  At  p.  93,  Mr.  Mackintosh 
says  he  cannot  believe  that  in  the  Font-Newydd  Cave  the  deposit 
was  washed  in  throagh  a  swallow-hole  from  the  Boulder  Clay  of 
the  neighbourhood. 

Coygan  Cave,  Caermarthenshire. 

This  cavern,  which  was  partially  explored  by  Mr.  J.  Eomilly  Allen 
and  myself  in  the  year  1866,  has  proved  to  be  of  unusual  interest, 
from  the  dear  confirmatory  evidence  which  it  has  afforded  of  the 
contemporaneity  of  Palaeolithic  man  with  an  early  Pleistocene  fauna."* 
Fortunately  this  cavern  up  to  that  time  had  not  been  in  any  way 
disturbed,  nor  was  there  any  evidence  to  show  that  it  had  been 
occupied  at  any  time  by  Neolithic  man,  as  had  been  the  case  with 
many  of  the  other  ossiferous  caverns  found  in  South  Wales,  on  the 

'  Quart.  Journ.  Geol.  Soc.  voL  xxxii  (1876)  p.  92. 

^  Similar  evidence  had  been  obtained  by  Prof.  Bojd  Dawkins  from  Wookey 
Hole  in  Somerset,  and  from  Kent's  Hole,  Torquay,  by  Mr.  MacEnery,  Mr.  W. 
Pengelly,  and  others. 
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northern  coaat  of  the  Bristol  Channel.  The  cavern  is  situated 
in  a  Carhoniferous-Limestone  hill,  ahont  2  miles  aouth-west  of 
Laughame,  and  the  entrance  is  ahont  250  feet  above  sea-level.  The 
orifice  was  low  and  narrow,  and  when  we  first  entered  it  was  almost 
hidden  by  tains.  From  it  a  low  tortuous  channel  extended  inward 
for  about  20  feet,  through  parts  of  which  it  was  difScult  to  pass  in  a 
creeping  position.  A  moderately  lofty  chamber  was  then  entered, 
and  this  led  to  another  and  larger  chamber,  about  20  feet  wide  by  12 
in  height.  Branching  from  here  were  two  compartments,  one  extend- 
ing in  a  northerly  and  another  in  a  westerly  direction.  The  former 
extended  inward  for  about  70  feet,  and  the  latter  for  about  60  feet, 
where  they  terminated  in  narrow  fissures.  The  entrance-channel, 
the  two  chambers,  and  tiie  westerly  compartment  were  covered  with 
a  very  thick  floor  of  stalagmite,  quite  untouched.  The  northerly 
compartment  was  more  thinly  covered,  hence  more  easily  explored. 
On  breaking  through  this  thin  coating,  we  came  to  a  reddish  earthy 
soil,  in  which  the  bones  were  embedded.  The  bones  were  submitted 
to  Prof.  Boyd  Dawkins  for  examination,  and  in  my  paper  in  the 
Geological  Magazine  for  1867,  p.  307,  *  Discovery  of  a  Hy»na-den 
near  Laugharne,  Caermarthenshire,'  the  following  list  of  the  animals 
then  found  in  it  is  given  : — Hycma  tpdcea,  Khinoeeroi  tichorhinus^ 
ElephoM  primigenixu^  Cervus  tarandus^  and  EqutUf  with  the  following 
statement  from  Prof.  Boyd  Dawkins.  He  says : — *  All  these  remains 
were  derived  ^m  a  hya;na-den,  and  were  introduced  by  those 
animals  in  every  case.  The  lower  jaws  are  in  every  case  without 
anele  or  coronoid  process,  and  the  rhinoceros-humeri,  tibi»,  and 
radii  are  gnawed  in  exactly  the  same  manner  as  those  from  Wookey 
Hole.  The  teeth,  also,  of  the  hyaenas  indicate  every  variety,  from 
the  whelp  to  the  adult  in  the  decline  of  life.  A  lower  jaw  belonging 
to  Mr.  Hicks  shows  remarkably  the  results  of  the  diet  of  the  hysnas 
on  their  teeth.  The  first  of  the  two  conical  bone-crushers  is  broken, 
and  the  fragments  of  bone  gliding  down  upon  the  unarmed  gum 
have  caused  inflammation  of  the  periosteum.  One  of  the  hyaena's 
last  lower  molars  exhibits  the  accessory  cusp,  which  is  but  seldom 
developed.     The  remains  of  the  rhinoceros  are  most  abundant.' 

The  cavern  was  afterwards  more  fully  explored  by  Mr.  Edward 
Laws,  F.8.A.,  of  Tenby,  whose  careful  and  important  researches 
among  the  caves  of  Western  Wales  are  well  known. 

In  his  '  History  of  Little  England  beyond  Wales,'  George  Bell  & 
Sons,  1888,  he  says  at  p.  7: — '  Without  doubt  the  most  interesting 
ossiferous  cave  in  West  Wales  is  the  Coygan,  near  Laugharne,  in 
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Caermarthenshire 80  far  as  I  know,  there  has  been  no 

discovery  of  Neolithic  remains  in  this  cave.  It  was  deemed  by  the 
late  Prof.  RoUeston  to  be  the  most  perfect  instance  of  a  hysena-den 
he  had  met  with.  We  found  hysena-bones  in  position,  and  their 
coprolites  in  great  quantities,  apparently  as  fresh  as  though  they 
had  been  voided  recently ;  the  other  remains  were  similar  to  those 
found  in  the  Black  Kock  and  Caldy,  but  were  more  plentiful,  in 
good  condition,  and  much  scored  by  teeth-marks.  In  addition  to 
these  ordinary  cave-bones,  I  had  the  good  fortune  to  find,  under 
rhinoceros-bones  which  were  overlaid  by  stalagmite,  a  piece  of  bone, 
whittled  and  rounded  into  the  shape  of  an  awl,  lying  alongside  of 
two  flint-fiakes,  one  of  which  had  indubitably  been  manipulated ; 
the  other  was  a  pebble  which  had  been  broken,  whether  by  natural 
or  artificial  means  it  is  impossible  to  say ;  these  are  in  the  Tenby 
Museum,  and  constitote  the  sole  proof  of  the  presence  of  Pleistocene 
Man  in  West  Wales  discovered  by  me.* 

In  addition  to  the  animals  given  in  my  paper,  he  mentions  the 
following  also  as  having  been  subsequently  found : — Ursus  arctos^ 
U,  spelamSf  Canis  vulpes,  Felii  spelcea,  Cervus  megaceros^  C,  elaphus, 
•  Bos  primigenius,  Bison  prhcus. 

This  cavern  is  just  on  the  fringe  of  the  glaciated  area  in  South 
Wales,  and  was  therefore  probably  occupied  to  a  later  time  in  the 
Glacial  period  than  those  in  the  Vale  of  Clwyd,  North  Wales. 
However,  the  abundance  of  drift-material  in  the  valleys  of  the 
neighbourhood  and  on  the  plains  immediately  to  the  north  shows 
that  the  area  could  not  have  been  suitable  for  occupation  by  the 
larger  Pleistocene  animals  at  the  time  of  maximum  glaciation. 
Nor  could  they  have  returned  into  the  area  after  the  submergence, 
at  the  close  of  the  Glacial  period,  of  the  plains  now  under  the 
waters  of  the  Bristol  Channel.  The  implements  found  below  the 
Bhinoeeros-boneSy  and  under  the  thick  stalagmite  floor,  must  there- 
fore have  belonged  to  Man  occupying  the  area  in  an  early  part  of  the 
Glacial  period,  for  the  cavern  could  not  have  been  used  as  a  den  by 
the  hysenas  when  the  ground  was  almost  perpetually  covered  with 
snow,  as  it  must  have  been  here  during  much  of  the  Glacial  period. 


The  Victoria  Cave,  Settle  (Yorkshire). 

In  his  reports  to  the  British  Association,  in  1874  and  1875,  on 
the  explorations  carried  on  in  this  cavern,  Mr.  Tiddeman  has  given, 
in  my  opinion,  satisfactory  evidence  to  show  that  the  cavern  was 
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occupied  by  the  so-called  early  Pleistocene  animals  in  pre-Glacial 
time,  and  that  the  bones  of  the  extinct  mammalia  found  in  the 
cavern  were  covered  over  by  material  conveyed  by  glaciers  during 
the  Glacial  period.  He  says : — *  The  extent  of  the  Glacial  de- 
posits now  exposed  is  so  great  that  it  is  impossible  that  they  can 
be  a  mere  chance  accumulation  of  boulders,  which  have  been 
re-deposited  in  their  present  position  since  Glacial  times.  This 
being  the  case,  it  is  clear  from  the  position  of  the  boulders  beneath 
all  the  screes  that  they  form  a  portion  of  the  general  glacial 
covering  of  the  valleys  and  hillsides  which  was  left  by  the  ice-sheet 
at  the  time  of  its  disappearance.  These  are  the  main  arguments 
to  be  derived  from  the  cave  itself;  but  further  strong  presumptive 
evidence  that  the  Pleistocene  fauna  lived  in  the  North  of  England 
before  the  ice-sheet  exists  as  follows : — The  older  fauna  once  lived 
in  that  district,  a  point  which  admits  of  no  dispute  from  its  exist- 
ence in  the  Victoria  Cave,  in  Kirkdale  Cave,  Raygill  Cave  in 
Jx)ther8dale,  and  perhaps  in  other  caves  ;  but  their  bones  are  now 
found  nowhere  in  the  open  country.  None  of  the  river-gravels 
contain  them  ;  and  just  that  district  which  is  conspicuous  by  their 
absence  is  also  remarkable  for  the  strongest  evidences  of  great 
glaciation.  If  these  facts  be  taken  together,  the  probability  is 
very  strong  that  it  was  glaciation  which  destroyed  their  remains 
in  the  open  country.'  * 

Prof.  Boyd  Fawkins  ^  says  that  the  remains  found  in  this  cave 
'  belong  to  a  fauna  that  overran  Europe  and  must  have  occupied 
this  very  region  before  the  Glacial  period';  therefore  it  may 
'  reasonably  be  concluded  that  they  occupied  the  cave  in  pre-Gladal 
times.' 

The  Yiotoria  Cave  is  1450  feet  above  sea-level,  and  remains  of  the 
following  early  Pleistocene  mammalia  have  been  found  in  it: — 
Elepkas  antiquus,  BJUnoeeros  %)torAtnii«,  hippopotamus,  hyasna,  bear, 
and  red  deer. 

Scotland. 

A  few  caverns  have  been  discovered  in  Scotland,  but  in  none  of 
these  apparently  has  there  been  evidence  of  occupation  by  Palaeo- 
lithic man.  Eemains  of  the  Pleistocene  mammalia,  so  constantly 
found  with  the  implements  of  Palffiolithio  man  in  caverns  in  England 
and  Wales,  have  been  discovered  in  several  places,  and  it  is  of 

>  Rep.  Brit.  Amoo.  1875,  p.  168. 
»  •  CaTe  Hunting/  1874.  p.  124, 
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importance  to  note  that  they  are  invariably  found  either  in  or 
under  the  Glacial  deposits.  In  his  important  paper,*  Sir  H.  Howorth 
has  given  a  careful  summary  of  the  evidence  then  obtainable  from 
Scotland,  and  he  arrives  at  the  conclusion  that  here,  as  in  all  other 
places  in  the  British  Isles,  when  the  remains  have  not  been  after- 
wards disturbed  '  the  mammoth-beds  are  in  every  instance  overlain 
by  the  Drift,  and  are  never  underlain  by  it.*  Sir  A.  Geikie,  in 
describing  the  Glacial  deposits  in  Scotland,^  mentions  the  '  Upper 
Boulder  Clay '  as  consisting  of  '  rudely  stratified  clays  with  sands 
and  gravels,'  and  the  '  Till  or  Lower  Boulder  Clay '  as  '  a  stiff, 
stony,  unstratified  clay,  varjing  up  to  100  feet  or  more  in  thickness. 
Bands  of  fine  sand,  finely  laminated  clays,  layers  of  peat  and 
terrestrial  vegetation,  with  bones  of  mammoth  and  reindeer,  also 
in  some  places  fragmentary  or  entire  arctic  and  boreal  marine 
shells,  occur  either  in  the  Till  or  between  it  and  the  upper  Boulder 
Clay.'  The  intercalations  of  sand,  gravel,  and  clay  which  frequently 
occur  in  the  Drift  in  some  areas,  are  supposed  by  Prof.  J.  Geikie  to 
indicate  five  glacial  intervals,  separated  from  each  other  by  four 
interglacial  periods  of  mild  temperature,  and  he  is  inclined  to  the 
belief  that  man  did  not  occupy  Britain  before  *  the  advent  of  the 
second  Glacial  epoch,' .  •  •  and  *■  that  it  is  not  until  we  reach  the 
deposits  of  the  second  interglacial  epoch  (Blephas  antiqutiS'StAge) 
that  we  encounter  abundant  and  unequivocal  traces  of  man.'  He 
further  states  that '  not  a  trace  of  Palaeolithic  man  is  forthcoming 
from  any  deposit  that  overlies  the  morainio  and  fluvio-glacial 
accumulations  of  the  third  Glacial  epoch  in  North-western  Europe.'  ^ 
The  latter  statement  is  important,  but  I  cannot  agree  with  him  as 
to  the  period  when  man  first  appeared  in  Britain,  and  the  changes 
to  which  Prof.  J.  Geikie  refers  as  occurring  in  the  Drift-deposits 
may  be  easily  accounted  for  without  invoking  the  aid  of  warm  inter- 
glacial periods. 

Early  Pleistocene  Conditions  on  the  East  Side  of  England. 

On  the  east  side  of  England,  as  on  the  west,  there  were  at  this 
time  great  plains,  extending  out  from  the  valleys,  and  much  of  the 
area  now  covered  by  the  North  Sea  must  have  been  dry  land  where 
northern  and  southern  animals  commingled.     That  this  was  the 

^   '  Did  the  Mammoth  lire  before,  during,  or  after  the  Deposition  of  the 
•Drift?*  GeoL  Mag.  1892,  p.  250. 
a  « Text-book  of  Geology,'  3rd.  ed.  1893,  p.  1044. 
*  '  Great  Ice  Age,*  3rd.  ed.  1881,  pp.  689,  690. 
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case  is  shown  by  the  finding  of  their  remains  in  close  association 
in  the  hyaena-den  at  Eirkdale  and  in  other  caverns  in  Yorkshire. 
Prof.  Phillips  many  years  ago  came  to  the  conclusion  that  the 
Kirkdale  Cave  was  occupied  in  the  *  pre-Glacial  condition  of  the 
land  which  is  now  Yorkshire/  and  he  also  maintained  that  the 
lowest  Hessle  Gravels  which  rest  upon  the  Chalk,  and  which  con- 
tain mammoth  and  other  remains,  and  are  covered  by  Boulder 
Clay,  are  pre-Glacial  in  age. 

Mr.  G.  W.  Lamplugh's  careful  researches  seem  to  show  clearly 
that  the  Sewerby  '  infra-Glacial  Beds,'  which  have  yielded  so  many 
Pleistocene  remains,  are  at  the  base  of  the  Glacial  series  in  that  area. 
He  says  of  the  fauna  at  the  base  of  the  drift  at  Sewerby : — '  It  is 
essentially  the  fauna  of  the  Kirkdale  Cave.'  ^  In  his  conclusions, 
given  in  the  same  paper  (p.  428),  when  referring  t^  the, physical 
conditions  prevailing  in  the  area  during  the  formation  of  the  drift- 
deposits,  ho  says : — *  At  a  period  not  long  anterior  to  that  of  the 
glaciation  of  the  coast,  Flamborough  Head  was  in  existence  as  a  bold 
promontory  jutting  out  int^o  a  sea  whose  level  was  slightly  above  that 
of  to-day.  Most  of  the  mammab  characteristic  of  the  Glacial  period 
were  already  living,  and  tenanted  the  interior  in  large  numbers. 
The  climate  was  moist  and  not  very  severe,  the  prevalent  winds,  as 
shown  by  the  sand-dunes  of  Sewerby,  being  from  the  west  or  south- 
west. After  the  land  had  remained  for  a  long  time  stationary,  a 
slow  elevatory  movement  set  in,  and  the  climate  became  much 
colder ;  so  that  the  Chalk-surface  was  disintegrated  by  frost  and 
eroded  by  sudden  floods,  which  spread  thick  beds  of  muddy  detritus 
over  much  of  the  low  or  slightly  sloping  ground  in  the  vicinity. 
Meanwhile  the  bed  of  the  North  Sea  was  being  rapidly  filled  with 
ice  through  the  great  extension  of  the  Scandinavian  glaciers ;  till 
at  length  the  Scotch  and  Scandinavian  ice  coalesced,  and  what 
remained  of  the  North  Sea  was  well  nigh  ioe-locked.' 

Although  some  southern  forms  whose  remains  have  been 
discovered  in  the  forest-bed  on  the  Norfolk  coast  do  not  appear  to 
have  reached  much  farther  north  than  that  area,  this  does  not,  in 
my  opinion,  make  it  in  any  way  certain  rhat  even  these  were  not, 
in  part  at  least,  contemporaneous  with  the  so-called  mixed  early 
Pleistocene  fauna  of  the  more  northern  districts.  It  is  also  an 
important  fact  that  many  of  the  most  characteristic  animals  whose 
remains  have  been  discovered  in  the  caverns  in  North  Wales  and 
Yorkshire  are  now  always  included  in  the  fauna  of  the  Porest  Bed. 

»  Quart.  Joum.  Oeol.  Soo.  vol.  xlvii  (1891)  p.  412. 
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The  position  of  the  Forest  Bed  of  Norfolk  under  high  cliffs  of 
Boulder  Clay'  is  also  very  similar  to  that  of  the  lower  deposits  near 
the  entrance  to  the  Yale  of  Clwyd,  containing  Pleistocene  remains 
and  trunks  of  trees  in  like  manner  covered  over  hy  a  great  thickness 
of  Glacial  drift.  It  may  also  be  compared  with  the  forest-bed  in 
Holyhead  Harbour,  buried  under  '  stiff  blue  clay/  in  which  two 
perfect  heads  of  the  mammoth  were  found  when  the  excavations 
for  the  railway  were  made  in  1849.  The  tusks  and  molars  were 
buried  2  feet  deep,  in  a  bed  of  peat  3  feet  thick,  with  stamps  and 
roots  of  trees.' 

It  may  be  well  to  mention  that  the  following  mammals,  whose 
remains  have  been  found  in  caverns  in  North  Wales,  Derbyshire, 
and  Yorkshire  are  now  generally  regarded  as  forming  a  part  of  the 
fauna  of  the  Norfolk  Forest  Bed,  and  that  several  of  them,  such  as 
the  glutton,  musk  sheep,  and  mammoth,  must  be  considered  typically 
northern  animals.  The  list  is  taken  mainly  from  those  published  by 
Prof.  Boyd  Dawkins  or  Mr.  £.  T.  Newton,'  and  there  are  animals 
which  may  be  classed  as  characteristic  of  arctic,  temperate,  and  hot 
climates.  The  principal  animals  whose  remains  have  been  found 
in  caverns  in  association  with  human  implements,  and  which  are 
stated  also  to  occur  in  the  Norfolk  Forest  Bed,  are  the  following : — 
Elephas  antiquus,  El.  primigenitis,  Hippopotamus  amphihiuSy  Equus 
eaballus,  Sus  scrofa^  Bison,  Ovihos  moschatus,  Cervus  elaphtts, 
C.  capreolus,  C.  megaceros,  Maehairodvs,  Canis  lupus,  C.  vulpes, 
Hyasna  crocuta,  Ursus  spetaus,  Oulo  luscus,  Lutra  vulgaris,  Arvicola 
amphibius, 

^¥hen  the  cold  increased,  the  animals  on  the  East  coast,  as  on  the 
West  side,  were  driven  farther  south,  and  those  least  able  to  bear 
the  increased  severity  of  the  climate  were  the  first  to  migrate 
from  the  various  areas.  The  southern  forms  may  consequently 
be  looked  upon,  for  the  areas  in  which  they  have  been  found, 
as  the  oldest  fauna;  but  it  is  reasonable  to  suppose  that  they 
were  contemporary  with  the  more  northern  forms,  which  at  that 
time  lived   in  other   districts  where   the  conditions  were  more 

^  Mr.  Clement  Beid,  in  bis  memoir  (G^l.  Surr.)  '  On  the  Country  around 
Cromer,'  1882,  says  that  the  Glacial  dnftu  in  that  area  were  contorted  bj  ice- 
pressure.  *  The  extreme  shallowness  of  the  North  Sea  would  cause  it  to  be 
entirely  filled  with  ice,  which,  flowing  over  or  abutting  against  the  older  Drifts, 
contorted  them  in  the  way  we  now  see '  (p.  114). 

a  Lyell,  '  Principles  of  Geology/  10th  ed.  vol.  i  (1867)  p.  545. 

'  I  am  also  greatly  indebted  to  Mr.  A.  Smith  Woodward  for  a  list  of  the  mam- 
malia in  the  Savin  Collection  in  the  Natural  History  Museum,  South  Kensington. 
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suitable  to  them.  When  the  northern  forms  reached  the  South  of 
England,  the  conditions  in  and  around  the  mountainous  districts 
were  such  that  few  animals  could  remain  there,  as  most  of  the 
valleys  and  plains  had  hecome  buried  under  ice  and  snow,  and  they 
would  have  to  seek  feeding-grounds  outside  these  areas.  It  is  to 
this  period  that  we  must  assign  the  remains  of  the  mammoth  and 
rhinoceros  which  are  so  abundantly  found  on  the  old  laud-surfaces 
on  the  north  of  the  Thames,  usually  hidden  under  great  thickneraes 
of  drift,  as  in  Endsleigh  Street,  and  in  other  places  in  Middlesex. 
Here,  and  in  some  areas  farther  south,  they  could  have  lived  during 
most  of  the  Glacial  period  until  at  last  driven  away,  when  the 
valleys  and  plains  became  covered  with  vast  sheets  of  water,  doe  in 
part  probably  to  subsidence,  but  largely  owing  to  the  gradual 
melting  of  the  ice  and  snow  farther  north.  Whether  the  mammoth 
and  rhinoceros  continued  to  live  much  longer  in  some  parts  of  the 
South  and  South-west  of  England  there  is  very  little  evidence  at 
present  to  show.  The  supposition,  however,  held  by  some  that 
they  returned  to  the  glaciated  areas  after  the  Glacial  period  had 
passed  away  does  not  seem  to  me  in  any  way  probable,  for  hitherto 
their  remains  have  only  been  found  either  under  or  in  the  Drift, 
and  not  above  it,  excepting  when  they  have  been  washed  out  from 
the  earlier  deposits. 

Sir  Joseph  Prestwich,  who,  as  all  will  allow,  had  a  unique 
acquaintance  with  the  Pliocene  and  Pleistocene  deposits  in 
England  and  on  the  Continent,  in  his  important  paper  read  before 
the  Society  in  1887,*  says : — '  My  first  impressions  with  respect 
to  the  Valley  of  the  Somme  were : — that  the  high-level  gravels 
originated  in  early  Glacial  times  ;  that  the  intermediate  stages  and 
terraces  were  formed  during  the  excavation  of  the  valley  as  a 
consequence  of  the  great  Glacial  and  post-Glacial  floods ;  and  that 
the  low- level  gravels  formed  the  concluding  stage  of  those  con- 
ditions. But  in  the  absence  of  data,  since  acquired,  the  strong 
prepossessions  then  existing,  and  the  novelty  of  the  subject,  I  was 
then  led  to  conclude  that  the  whole  might  be  post-Glacial.' 

*  So  much  evidence  has,  however,  since  been  brought  forward  with 
respect  to  the  so-called  pre-Glacial  man,  that  I  feel  I  am  now 
justified  in  reverting  in  great  part  to  my  original  position.  The 
cave- work  of  Mr.  Tiddeman  and  Dr.  Hicks  gives  strong  presumptive 
evidence  of  the  earlier  geological  appearance  of  Man  in  the  Briti^h 

»  Quart.  Joum.  Geol.  See.  toL  xliii  (1887)  p.  406. 
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area.'  Again,  on  p.  407,  he  says : — '  I  may  briefly  state  my  con- 
clusions tbat  the  high-level  beds  of  the  Somme  Valley  at  Amiens, 
of  the  Seine  in  the  neighbourhood  of  Paris,  of  the  Thames  at 
the  Keculvers,  and  of  the  Avon  at  Salisbury,  together  with  the 
caves  above-named,  date  back  to  Glacial  or  pre-Glacial  times,  not  in 
the  sense  of  being  anterior  to  the  Glacial  epoch,  but  in  the  sense  of 
belonging  to  that  part  of  the  Glacial  epoch  when  the  great  ice-sheet 
was  advancing,  but  bad  not  yet  invaded  the  whole  of  this  area.' 

In  later  years,  as  is  well  known,  owing  to  the  researches  of 
Mr.  B.  Harrison,  of  Ightham,  and  others,  he  constantly  advocated 
the  view  that  the  implements  found  in  the  plateau-gravels  in  Kent 
and  Sussex  may  have  been  used  by  man  during  '  an  early  Glacial 
or  even  a  pre-Glacial  period.*  * 

Summary. 

The  evidence  which  has  been  obtained  from  ossiferous  caverns  at 
high  elevations  in  the  glaciated  areaa  shows  conclusively  that  the 
remains  of  the  extinct  mammalia  found  in  them  must  have  been 
introduced  before  any  of  the  Glacial  deposits  now  in  or  upon  them 
could  have  been  laid  down,  therefore  either  before,  or  so  early  in, 
the  Glacial  period  that  there  coidd  not  have  been  at  the  time  any 
considerable  amount  of  snow  on  the  neighbouring  mountains,  or 
glaciers  even  in  the  higher  vaUeys. 

From  caverns  in  glaciated  areas  in  North  and  South  Wales, 
where  Palseolithic  implements  have  been  found  in  association  with 
remains  of  the  extinct  mammalia,  facts  have  been  obtained  which 
make  it  certain  that  the  implements  were  those  of  man  living  at 
the  same  period  as  the  extinct  animals  in  those  areas,  and  there- 
fore of  pre-Glacial  age.  It  has  also  been  shown  that  as  the  cold 
increased  the  higher  valleys  became  filled  with  glaciers  and  the 
caverns  became  uninhabitable ;  that  afterwards,  as  the  snow-line 
and  glaciers  descended  lower  and  lower,  some  of  the  caverns  were 
subject  to  inundations,  which  not  only  disturbed  and  re-arranged 
the  deposits  previously  in  them,  but  wholly  or  partially  filled  them 
up  with  local  materials ;  and  that  in  the  Vale  of  Clwyd,  North 
Wales,  the  local  glaciers  gradually  coalesced  with  those  from 
the  western  and  northern  areas,  and  a  mixed  material  was 
distributed  over  the  district  to  a  height  of  over  600  feet,  burjing 
the  ossiferous  caverns  beneath  it.     During  this  time  also  water 

*  *  ControTerted  Questions  of  Geology/  1895,  p.  72. 

Digitized  by  VjOOQ IC 


Cii  PR0CEED1XO6  OF  THE  GEOLOGICAL  80CIETT.        [May  1 898, 

re-entered  some  of  the  cavemsy  redistnrbing  in  part  the  earlier 
contents  and  depositing  some  of  the  mixed  drift  over  that 
previously  in  the  caverns. 

While  these  caverns  were  occupied  as  dons  by  the  hyasnas, 
northern  and  southern  animals  commingled  in  the  valleys  and  on 
the  great  plains  reaching  out  from  them  to  the  area  now  covered 
by  the  Irish  Sea. 

From  numerous  ezaminationa  made  of  undisturbed  Glacial 
deposits  in  Wales,  the  North  of  England,  and  Scotland,  it  has 
also  been  proved  very  clearly  that  the  extinct  mammalia,  whose 
remains  are  found  in  association  with  the  implements  of  Palaeo- 
lithic man  in  caverns,  must  have  lived  there  before  those  deposits 
had  been  laid  down,  as  their  remains  always  occur  at  the  base  or  in 
the  lower  parts  of  the  Drift,  and  never  above  it.  Further,  there  is 
not  a  particle  of  evidence  to  show  that  these  extinct  mammalia 
ever  revisited  those  areas  after  the  close  of  the  Glacial  period. 

Before  vacating  the  Chair  I  wish  to  express  my  warmest  thanks 
to  you  aU  for  the  honour  which  you  conferred  upon  me  2  years  ago 
when  you  elected  me  your  President.  I  further  desire  to  thank 
the  Council,  Officers,  and  permanent  staff  for  the  unvarying  kind- 
ness and  ready  assistance  which  they  have  extended  to  me  on  all 
occasions  during  my  term  of  office. 

My  friend  and  successor,  Mr.  W.  W^hitaker,  F.R.8.,  from  his  long 
connexion  with  the  Society  and  with  the  Geological  Survey,  is  so 
well  known  to  you  all  that  it  only  remains  for  me  now  to  tender  to 
him  my  heartiest  wishes  that  he  may  find  his  term  of  office  as 
pleasant  and  enjoyable  as  that  which  has  fallen  to  my  lot. 
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February  23rd,  1898. 

W.  Whitakbb,  B.A.,  F.R.8.,  President,  in  the  Chair. 

F.  G.  Harrison,  Esq.,  Silooates  Hall,  Wakefield,  Yorks,  was 
elected  a  Fellow  of  the  Society. 

The  list  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read : — 

1.  *  On  some  Submerged  Rock- Valleys  in  South  Wales,  Devon, 
and  ComwalL'    By  T.  Codrington,  Esq.,  M.Inst.C.E.,  F.G.8. 

2.  *  Some  New  Carboniferous  Planfcs,  and  how  they  contributed 
to  the  Formation  of  Coal-Seams.'    By  W.  S.  Gresley,  Esq.,  F.G.S. 

The  following  drawings,  maps,  and  specimens  were  exhibited : — 

Drawings  of  Carboniferous  Plants,  exhibited  by  W.  8.  Greeley, 
Esq.,  F.G.8.,  in  illustration  of  his  paper. 

Reptilian  Bone  derived  from  the  Laramie  Beds,  found  in  the 
Glacial  Deposits,  Edmonton  (N.W.  Terr.,  Canada) ;  Silidfied  Wood 
from  the  Glacial  Deposits  (derived),  same  locality ;  and  Auriferous 
Sand  from  the  North  Saskatchewan  River  (N.W.  Terr.,  Canada), 
exhibited  by  W.  P.  D.  Stebbing,  Esq.,  F.G.S. 

Six  sheets  of  the  ^—^  Geological  Survey  Map  of  Italy,  Calabria, 
by  E.  Cortese  andO.  ijchino. 

Plan  of  the  Witwatersrand  Goldfields,  Transvaal,  ^jgy,  drawn  up 
and  presented  by  W.  F.  Regan.     1897. 

Geological  Survey  of  England  and  Wales.  Index  Map,  1  inch 
=5  4  miles.  Sheets  5  and  14  (Lithographed  Edition),  1897.  Pre- 
sented by  the  Director-General  of  H.M.  Geological  Survey. 


March  9th,  1898. 
W.  WHTTAiniB,  B.A.,  F.R.S.,  President,  in  the  Chair. 

The  list  of  Donations  to  the  Library  was  read. 

Prof.  J.  W.  Jtjdd  exhibited,  on  behalf  of  the  Coral  Reef  Com- 
mittee of  the  Royal  Society,  the  lowest  core  (698  feet)  from  the 
VOL.  Liv.  h 
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boring  at  Funafuti  (Ellice  Is.,),  and  drew  attention  to  the  remarkable 
changes  exhibited  by  the  rocks  obtained  at  this  depth.  The  core 
from  this  boring  (a  mass  of  material  more  than  a  ton  in  weight) 
had  been  sent  to  this  country  by  Prof.  Edgeworth  David,  and  was 
now  being  submitted  to  careful  study.  The  last  20  or  30  feet  of 
the  boring  was  carried  on  in  a  rock  which  was  of  a  very  soft  cba- 
racter,  and  highly  but  minutely  crystalline.  Microscopic  examination 
shows  that  the  rock  is  almost  completely  converted  into  a  mas8 
of  very  small  rhombohedra,  the  organic  structures  being  nearly 
obliterated ;  while  a  preliminary  chemical  examination  seems  to 
indicate  that  magnesia  has  been  introduced  into  the  rock  to  a 
considerable  extent.  The  complete  study,  microscopical  and  chemical, 
of  all  the  stages  of  the  change  which  has  taken  place  in  this  rock— 
a  study  which  will  be  undertaken  by  Mr.  C.  G.  Cullis — promises  to 
throw  much  light  on  processes  of  rock-formation  of  very  great 
interest  to  the  geologist. 

The  following  communications  were  read : — 

1.  *  Note  on  Clipperton  Atoll/  By  Rear-Admiral  Sir  W.  J. 
Wharton,  K.C.B.,  F.R.S.,  Hydrographer  to  the  Admiralty.  (Com- 
municated by  Sir  Archibald  Geikie,  D.Sc.,  F.R.S.,  F.G.S.) 

2.  '  A  Phosphatized  Trachyte  from  Clipperton  AtoU.'  By  J.  J. 
H.  Teall,  Esq.,  M.A.,  F.R.S.,  V.P.G.S. 

3.  *The  Pliocene  Deposits  of  the  East  of  England.— Part  I.  The 
Lenham  Beds  and  the  Coralline  Crag.'  By  F.  W.  Harmer,  Esq., 
F.G.S. 

In  addition  to  the  exhibit  mentioned  above,  the  following  speci- 
mens and  photographs  were  exhibited : — 

Photographs,  Rock-specimens,  and  Microscope-slides,  exhibited  in 
illustration  of  the  papers  by  Rear-Admiral  Sir  W.  J.  Wharton, 
M.A.,  K.C.B.,  F.R.S.,  and  J.  J.  H.  Teall,  Esq.,  M.A.,  F.R.S.,  V.P.G.S. 

Conglomerate-pebble  from  Glacial  gravels,  Woolmer  Green,  near 
Welwyn,  Herts,  exhibited  by  A.  E.  Salter,  Esq.,  B.Sc.,  F.G.S. 


March  23rd,  1898. 
W.  Whitakbb,  B.A.,  F.R.S.,  President,  in  the  Chair. 

John  Casper  Branner,  LL.D.,  Ph.D.,  BJ3.,  Leland  Stanford 
University,  California  (U.S. A.)  ;  James  Johnston,  Esq.,  Assoc. 
M.Inst.CE.,  Bond  Street,  Brighton;  Harry  Innes  Perkins,  Esq^ 
Georgetown  (British  Guiana) ;  and  George  Winship,  Esq.,  Borough 
Buildings,  Abingdon,  were  elected  Fellows  of  the  Society. 
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The  List  of  Donations  to  the  library  was  read. 

The  following  commnnicationB  were  read ; — 

1.  ^The  Eocene  Deposits  of  Devon.'  By  Clement  Eeid,  Esq., 
F.L.S.,  F.G.8.  (Communicated  by  pennission  of  the  Director- 
General  of  H.M.  Geological  Survey.) 

2.  *  On  an  Outlier  of  Cenomanian  and  Turonian  near  Honiton, 
with  a  Note  on  Holaster  altus^  Ag.'  By  A.  J.  Jukes-Browne,  Esq., 
B.A.,  F.G.S.  (Communicated  by  permission  of  the  Director-General 
of  H.M.  Geological  Survey.) 

3.  *  Cone-in-Cone :  Additional  Facts  from  Various  Countries.' 
By  W.  S.  Gresley,  Esq.,  F.G.S. 

The  following  specimens,  etc.  were  exhibited : — 

Specimens  and  a  Microscope-section,  exhibited  by  Clement  Reid, 
Esq.,  F.L.S.,  F.G.S.,  in  illustration  of  his  paper. 

Fossils  and  Bock-specimens,  exhibited  by  A.  J.  Jukes-Browne, 
Esq.,  B.A.,  F.G.8.,  in  illustration  of  his  paper. 

Diagram  of  Cone-in-Cone  Structures,  exhibited  by  W.  S.  Greeley, 
Esq.,  F.G.S.,  in  illustration  of  his  paper. 


April  6th,  1898. 
W.  Whitakbb,  B.A.,  F.R.S.,  President,  in  the  Chair. 

Albert  Churchward,  M.D.,  206  Selharst  Road,  South  Norwood, 
S.E. ;  William  Gould  Churchward,  Esq.,  206  Selhurst  Road, 
South  Norwood,  S.E.;  William  Albert  Downham,  Esq.,  66  Grenville 
Street,  Stockport;  and  Hugh  Colley  McNeill,  Esq.,  A.R.S.M., 
29  North  Villas,  Camden  Square,  N.W.,  were  elected  Fellows  of  the 
Society. 

The  List  of  Donations  to  the  Library  was  read. 

Prof.  T.  RtTPBBT  Jones  exhibited  and  commented  upon  a  series  of 
large  stone-implements,  sent  to  England  by  Mr.  Sidney  Ryan,  from 
the  tin-bearing  gravels  of  the  Embabaan  in  Swaziland,  South  Africa. 
They  consist  of  fine-grained  quartzite,  chert,  lydite,  siliceous  schist, 
and  quartzites  composed  of  breccia  and  grit-stones,  one  of  the  latter 
mylonized.      Also  some  corresponding   rock-specimens  from  the 
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neighbonring  Ingeweoyaberg,  with  a  map  and  section  by  Mr.  8. 
Ryan.  Some  simDar  implements  from  the  same  district,  lent  by 
Mr,  Nicol  Brown,  E.G.S.,  and  some  analogous  implements  of  rongh 
quartzite,  from  8omaliland,  lent  by  the  Eev.  R.  A.  Bnllen,  E.G.8., 
were  also  exhibited. 

Prof.  Seelet  exhibited  the  humerus  of  a  Plesiosanrian  in  whi^ 
the  substance  of  the  bone  was  almost  entirely  replaced  by  opal 
He  explained  that  the  fossil  was  from  the  opal-mines  of  New  South 
Wales.  Externally  there  is  no  indication  of  its  internal  conditio 
as  a  pseudomorph,  and  it  had  been  broken  to  ascertain  its  commercial 
value  as  opal.  It  is  translucent,  of  a  bluish  tint,  with  a  slight  red 
fire.  So  far  as  he  was  aware,  it  was  the  only  example  of  a  foesQ 
bone  in  this  condition ;  and  he  was  indebted  to  Messrs.  Haslud^, 
the  opal-merchants,  for  the  opportunity  of  placing  the  specimen 
before  the  Eellows. 


The  following  communications  were  read : — 

1.  *  On  some  Palaeolithic  Implements  from  the  Plateau-Gravels, 
and  their  Evidence  concerning  "  Eolithio"  Man.'  By  W.  CunningtOD, 
Esq.,  F.G.8. 

2.  '  On  the  Grouping  of  some  Divisions  of  Jurassic  Time.'  By 
S.  8.  Buckman,  Esq.,  E.G.8. 

In  addition  to  the  specimens  mentioned  above,  the  following 
were  exhibited : — 

Flint-implements,  exhibited  by  W.  Cunnington,  Esq.,  F.G.8.,  in 
illustration  of  his  paper,  from  his  own  and  Mr.  B.  Harrison's 
collections. 

Flints  from  the  Plateau-gravel,  Alderbury  Hill,  near  Salisbuiy, 
exhibited  by  Dr.  H.  P.  Blackmore,  F.G.S. 

Flint-implements,  exhibited  by  the  Eev.  B.  Ashington  Bollen, 
B.A.,  F.G.S. 

Flint  from  Thornton  Heath,  exhibited  by  E.  A.  Martin,  Esq., 
F.G.S. 

New  G^logioal  Map  of  England  and  Wales,  scale:  I  inohs 
10  miles,  by  Sir  Archibald  Geikie,  D.Sc.,  F.R.S. 

Geological  Map  and  Sections  of  the  Heidelberg  District  (Trans- 
vaal), scale :  1  inch =3*8  miles,  drawn,  up  and  presented  by  A.  K. 
Sawyer,  Esq.,  F.G.S. 
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April  20th,  1898. 

W.  Whitakbr,  B.A.,  F.R.8.,  President,  in  the  Chair. 

Theodore  Charles  Cotherill,  Esq.,  8  St.  Martin's  Place,  Trafalgar 
Square,  W.C. ;  Charles  Hawksley,  Esq.,  i^  Great  George  Street, 
Westminster,  S.W. ;  Herbert  Stanley  Jevona,  Esq.,  2  The  Chestnuts, 
Branch  Hill,  Hampstead,  N.W. ;  and  William  John  Waterman,  E^q., 
Vancouver  (British  Columbia),  were  elected  Fellows  of  the  Society. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read : — 

1.  '  Note  on  an  Ebbing  and  Flowing  Well  at  Newton  Nottage 
(Glamorganshire).'  By  H.  G.  Madau,  Esq.,  M.A,,  F.C.S.  (Com- 
municated by  A.  Strahan,  Esq.,  M.A.,  F.G.8.) 

2.  '  Petahcnnus:    By  F.  A.  Bather,  Esq.,  M.  A.,  F.G.8. 

3.  *  On  the  Origin  of  the  Auriferous  Conglomerates  of  the  Gold 
Coast  Colony  (West  Africa).'  By  T.  F.  B.  Sam,  Esq.  (Commu- 
nicated by  J.  L.  Lobley,  Esq.,  F.G.S.) 

The  following  specimens  were  exhibited : — 

Koc'k-specimens  from  Newton  Nottage,  exhibited  by  H.  G.  Madan, 
Esq.,  M.A.,  F.C.S.,  in  illustration  of  his  paper. 

Specimens  of  PeUilocrinus  and  Microscope-soctions  of  the  Matrix, 
exhibited  by  F.  A.  Bather,  Esq.,  M.A.,  F.G.S.,  in  illustration  of 
his  paper. 

Type-specimen  of  Hapalocrinus  Victorice,  Bather,  from  the  Silurian 
of  Victoria  (Australia),  exhibited  by  F.  A.  Bather,  Esq.,  M.A., 
F.G.S. 

Specimens  of  Auriferous  Conglomerate  and  Vein-quartz  from 
Adjah  Bippo,  Gold  Coast  Colony  (West  Africa),  exhibited  by 
J.  L.  Lobley,  Esq.,  F.G.S.,  in  illustration  of  Mr.  T.  B.  F.  Sam's 
paper. 


May  4th,  1898. 

W.  Whitakbb,  B.A.,  F.R.S.,  President,  in  the  (^air. 

M.  Marcelin  Boule,  of  Paris ;  Dr.  W.  H.  Dall,  of  Washington, 
D.C.  (U.S.A.);  and  M.  A.  Karpinsky,  of  St.  Petersburg,  were 
elected  Foreign  Correspondents  of  the  Society. 


The  List  of  Donations  to  the  Library  was  read. 
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The  following  communioatioiiB  were  read : — 

1.  'The  CarboniferooB  Limeetone  of  the  Country  around  Uan- 
dndno.'    By  G.  H.  Morton,  Esq.,  F.QA. 

2.  *  On  the  Graptolite-Fanna  of  the  Skiddaw  Slates/  By  Miss  G. 
L.  EUes.    (Communioated  by  J.  £.  Marr,  Esq.,  M.A.,  F.R.S^  F.G^.) 

The  following  specimens  were  exhibited : — 

Rock-specimens  and  Photographs,  exhibited  by  G.  H.  Morton,  Esq., 
F.G.S.,  in  illustration  of  his  paper. 

Fossils  from  the  Woodwardian  Museum  and  other  collections, 
exhibited  in  illustration  of  the  paper  by  Mm  G.  L.  EUes. 


May  18th,  1898. 

W.  WHiTAxn,  B.A.,  F.R.&,  President,  in  the  Chair. 

John  Ballot,  Esq.,  113  Cannon  Street,  E.C.,  was  elected  a 
Fellow  of  the  Society. 

The  list  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read : — 

1.  ^  The  Garnet-Actinolite  Schists  on  the  Southern  Side  of  the 
St.  Gothard  Pass.'  By  Prof.  T.  G.  Bonney,  D.Sc,  LL.D.,  F.R,S., 
V.P.G.S. 

2.  ^  On  the  Metamorphism  of  a  Series  of  Grits  and  Shales  in 
Northern  Anglesey.'    By  Dr.  C.  Callaway,  M.A.,  F.G.S. 

3.  '  On  a  Volcanic  Series  in  the  Malvern  Hills  near  the  Hereford- 
shire Beacon.'    By  H.  D.  Acland,  Esq.,  F.G.S. 

The  following  specimens  were  exhibited : — 

Eock-specimens  and  Microscope-sections,  exhibited  by  Prof.  T.  G. 
Bonney,  D.Sc.,  LL.D.,  F.R.S.,  V.P.G.S.,  in  illustration  of  his  paper. 

Rock-specimens  and  Microscope-sections,  exhibited  by  Dr.  C. 
Callaway,  M.A.,  F.G.S.,  in  illustration  of  his  paper. 

Rock-specimens  and  Microscope-sections,  exhibited  by  H.  D. 
Acland,  ^q.,  F.G.S.,  in  illustration  of  his  paper. 
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June  8th,  1898. 

W.  Whitakbr,  B.A.,  FJR.S.,  President,  in  the  Chair. 

Jamee  Willoaghby  Small,  Esq.,  Principal  of  Victoria  CoU^e, 
Jaffna  (Ceylon),  was  elected  a  Fellow;  and  Prof.  0.  C.  Marsh, 
Ph.D.,  LL.D.,  MA.,  Yale  University,  New  Haven,  Conn.  (U.8.A.), 
was  elected  a  Foreign  Member  of  the  Society. 

The  Names  of  certain  Fellows  were  read  out  for  the  first  time,  in 
conformity  with  the  Bye-Laws,  Sect.  YI.  Art.  5,  in  consequence 
of  the  non-payment  of  Arrears  of  Contributions. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read : — 

1.  *0n  the  Discovery  of  Natural  Gas  in  East  Sussex.'  By 
C.  Dawson,  Esq.,  F.G.S.,  F.S.A. 

2.  <  Note  on  Natural  Gas  at  Heathfield  Station  (Sussex).'  By  J.  T. 
Hewitt,  M.A.,  D.Sc.,  PhJ).     (Communicated  by  the  President.) 

3.  '  On  some  High-level  Gravels  in  Berkshire  and  Oxfordshire.' 
By  0.  A.  Shrubsole,  Esq.,  F.G.S. 

4.  *  The  Olobigerina-Karis  of  Barbados.'  By  G.  P.  Franks,  Esq., 
M.A.,  F.G.S.,  and  Prof.  J.  B.  Harrison,  M.A.,  F.G.S.  With  an 
Appendix  on  the  Foraminifera  by  F.  Chapman,  Esq.,  A.L.S., 
F.R.M.S. 

The  following  exhibits  were  shown : — 

Mr.  C.  E.  Masterman,  Manager  of  the  Denayrouze  Light  Syndicate, 
in  illustration  of  Mr.  Dawson's  paper,  exhibited  the  natural  gas  as 
burnt  in  incandescent  burners ;  also  as  ignited  in  its  raw  state. 

Specimens  and  Microscope-sections,  exhibited  by  0.  A.  Shrubsole, 
Esq.,  F.G.S.,  in  illustration  of  his  paper. 

Specimens  and  Microscope-sections,  exhibited  by  G.  F.  Franks, 
Esq.,  M.A.,  F.G.S.,  and  Prof.  J.  B.  Harrison,  M.A.,  F.G.S.,  in  illus- 
tration of  their  paper. 

A  series  of  17  mounted  Slides  of  Foraminifei-a  from  the  Olobir 

fmna-Marls  of  Barbados,  exhibited  by  F.  Chapman,  Esq.,  A.L.S., 
'.E.M.S. 
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June  22nd,  1898. 

W.  Whttakbb,  B.A.,  F.R.S.,  President,  in  the  Chair. 

Hugh  Davies,  Esq.,  58  Ronalds  Road,  Hollo  way,  N.,  waa 
elected  a  Fellow;  and  Prof.  H.  Credner,  Ph.D.,  of  Leipzig,  wm 
elected  a  Foreign  Member  of  the  8o<iey. 

The  following  Names  of  Fellows  of  the  Society  were  read  out  for 
the  second  time,  in  conformity  with  the  Bye-Laws,  Sect.  VI.  Art.  6, 
in  consequence  of  the  non-payment  of  Arrears  of  Contributions  : — 
W.  H.  Clarke,  Esq. ;  G.  Dent,  Esq. ;  Rev.  Z.  T.  Dowen  ;  J.  Evaks, 
Esq.  (Bulli) ;  G.  A.  LsFRor,  Esq.  ;  C.  G.  Richardson,  Esq. ; 
R.  Tatlob,  Esq. ;  E.  EEiiPEB-Voss,  Esq. ;  D.  J.  Williams,  Esq. ; 
and  A.  Woodhousb,  Esq. 

The  List  of  Donations  to  the  Library  was  read. 

The  following  communications  were  read  : — 

1.  '  Post-Glacial  Beds  exposed  in  the  Cutting  of  the  new  Bruges 
Canal.'     By  T.  Mellard  Reade,  Esq.,  C.E.,  F.G.S. 

2.  'High-level  Marine  Drift  at  Colwyn  Bay.'  By  T.  Mellard 
Reade,  Esq.,  C.E.,  F.G.S. 

3.  *  Observations  on  the  Geology  of  Franz  Josef  Land.'  By 
Dr.  R.  Koettlitz.  (Communicated  by  E.  T.  Newton,  Esq.,  F.R.S., 
F.G.S.) 

4.  •  Notes  on  Rocks  and  Fossils  from  FranzJosef  Land  brought 
home  bv  Dr.  Koettlitz,  of  the  Jackson-Harms  worth  Expedition.' 
By  E.  T.  Newton,  Esq.,  F.R.S.,  F.G.S.,  and  J.  J.  H.  Teall,  Esq., 
M.A.,  F.R.S.,  V.P.G.S. 

5.  *  On  the  Corallian  Rocks  of  Upware.'  By  C.  B.  Wedd,  Esq., 
B.A.     (Communicated  by  J.  E.  Marr,  Esq.,  M.A.,  F.R.S.,  F.G.S.) 

The  following  specimens  were  exhibited  : — 

Hand-specimens  and  Microscope- slides,  exhibited  by  T.  Mellard 
Reade,  Esq.,  C.E.,  F.G.S.,  in  illustration  of  his  papers. 

Fossils  and  Rock-specimens  collected  by  the  Jackson-Harmsworth 
Expedition,  exhibited  by  Messrs.  E.  T.  Newton,  F.R.S.,  F.G.S., 
and  J.  J.  H.  Teall,  M.A.,  F.R.S.,  V.P.G.S.,  in  illustration  of  the 
papers  on  Franz  Josef  Land. 

Fossils  from  the  Corallian  Rocks  of  Upware,  exhibited  by 
H.  Keeping,  Esq.,  of  the  Woodwardian  Museum,  in  illustration  of 
the  paper  by  C.  B.  Wedd,  Esq.,  B.A. 

Holocene  (Roman  and  pre-Roman)  and  Pleistocene  Shells  from 
Buckland,  Dover,  overlying  Rubble  Drift;  with  Photographs  of  the 
Sections,  exhibited  by  the  Rev.  R.  Ashington  Bullen,  B.A.,  F.G.S. 
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